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I n t r o d u c t i o n
government appropriations, the re-
maining two-thirds by national and
international research contracts.
In 1995 a major building acti-
vity was initiated with the aim of
providing new improved premises
for the UNEP centre; this activity
will enable the whole department
to assemble in one building com-
plex by 1996/1997. 
By the end of the year the total
staff numbered 60 employees, 43
of whom are scientists or senior
scientists, namely, engineers, natu-
ral scientists and economists as
well as social and behavioural
scientists, and 7 are either PhD
students at various Danish univer-
sities or post docs. During the year
several guest scientists visited the
department for shorter or longer
periods. In 1995 three staff mem-
bers earned a PhD degree.
A significant proportion of the
activities of the department is
financially supported by various
international organisations or
research programmes such as eu
and unep. In addition, the depart-
ment has undertaken research and
development projects together with
international organisations such
as the Intergovernmental Panel on
Climate Change (ipcc), World
Energy Council (wec), the Inter-
national Association of Energy
Economics, the Nordic Council of
Ministers and the OECD Halden
Reactor Project in Norway.
During 1995 the department
has been responsible for the wec;
Work Group on Local and Regio-
nal Environmental Energy Related
Issues under the WEC Studies
Programme. The outcome of the
study was presented in a number
of reports and articles and at the
World Energy Conference in To-
kyo in October in a special session
dedicated to the group.
Simulation and optimisation of
energy systems
The aim of this research program-
me is to undertake integrated
assessments of energy, environment
and economy in relation to long-
term development and to the intro-
duction of new energy technolo-
gies into complex energy systems.
The analysis of macro-econo-
mic aspects and modelling of
energy use has continued relative
to the interplay between “bottom-
up” and “top-down” modelling
approaches. A project with support
from the Danish Energy Research
Programme was initiated in 1993,
and carried out in collaboration
with the Ministry of Finance. The
major activities in 1995 within this
project are concerned with energy-
related emission projections relati-
ve to the Danish macro-economic
model, adam.
The programme supports and
participates in various planning
activities. In collaboration with
the Meteorology and Wind Energy
Department at Risø the program-
me has participated in Danida
sponsored projects in Egypt and
the Cape Verde Islands aiming at
enabling the local authorities to
formulate plans for establishing a
wind energy supply. Projects on
heat planning in the Katowice and
By Hans Larsen, 
Head of Department
In 1995 the Systems Analysis De-
partment expanded its interna-
tional involvement in many areas
both within the European Com-
munity and worldwide, and at the
same time consolidated its col-
laboration with Danish industry,
utilities, ministries and govern-
mental agencies.
A new organisational setup
was implemented in 1995 meaning
that the former groups within the
department were abolished , and
activities are now organised in
research programmes. The depart-
ment is undertaking research
within the following four research
programmes:
Simulation and optimisation of
energy systems,
Hans Ravn 
Energy and environment in
developing countries, 
UNEP Centre,
John M. Christensen 
Integrated environmental and
risk management,
Kurt E. Petersen 
Man/machine interaction,
Leif Løvborg
The activities of the department
are multidisciplinary, and con-
ducts research and development
on methods and models dealing
with the interplay among various
technologies, systems and humans.
About one-third of the depart-
ment’s activities are financed by
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aspects in terms of the associated
uncertainties, and to investigate
how multicriteria models can be
used in planning.
The evaluation of system
aspects of energy technologies has
been continued. The project on
large-scale application of renew-
able energy in the electrical power
system was finished. A life-cycle
analysis project supported by the
Danish Energy Research Program-
me has been carried out in colla-
boration with Danish Energy
Analysis. The subject was the de-
velopment of a methodology for
assessing the consequences of
implementing energy saving tech-
nologies in industry. Finally,
strategies for reducing CO2-emis-
sions from the manufacturing
industry have been analysed in an
ongoing PhD project.
Energy and environment 
in developing countries
The UNEP Collaborating Centre
on Energy and Environment is the
major activity of the programme.
In 1995 unep-related energy-
environment activities were charac-
terised by the transition to a new
overall programme structure for
unep. The major Centre support-
ed unep projects in India and
China on incorporating environ-
mental concerns in the national
energy planning have been success-
fully completed. These projects
were the last activities under the
“old” programme structure and in
parallel with their finalisation the
Centre has been involved in de-
veloping the new unep work pro-
gramme to start implementation
in 1996. The focus will be on some
of the present key issues in energy
sector development like institutio-
nal reforms, environmental regula-
tory frameworks for private sector
involvement and implementation
barriers, and its delivery will have
a clear regional focus.
In 1995 a Scientific Advisory
Panel has been established aimed
at providing guidance on future
strategic directions of the activities
of the Centre. The panel members
were selected based on their perso- 
Silesian regions of Poland have
been finalised. The aims of the
projects were to propose changes
in the technical installations,
administrative procedures and in
consumer behaviour, with the ulti-
mate goal of improving the envi-
ronment.
A project supported by the Da-
nish Energy Research Programme
“Danish Utilities in a Competitive
Market” was initiated in 1993 in
collaboration with Local Govern-
ments Research Institute (akf)
and Roskilde University. The work
in 1995 focused on regulation and
environmental aspects in an open
European Market.
For many years the programme
has been responsible for calculat-
ing the emissions of pollutants to
the air from Denmark. Through
Risø’s partnership in enero the
programme participates in the Eu-
ropean Topic Centre on Air Emis-
sions established by the European
Environmental Agency. A verifica-
tion of the corinair-90 database
was made for nine countries. An
evaluation of the structure and
development of the environmental
effects of the Danish transport
sector has been performed. 
The post-doctoral project deal-
ing with environmental planning
under uncertainty has been final-
ised. The aim of the project was to
analyse environmental planning
activities both with regard to tech-
nical and policy management S
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nal professional standing as well
as the desire to achieve a reason-
able regional distribution. The
panel met for its first meeting in
December at Risø. 
A special event in 1995 was the
finalization and presentation of the
WEC Work Group Report on Lo-
cal and Regional Energy Related
Environmental Issues where the
Centre had been providing the se-
cretariat.
In the area of climate change
mitigation studies, the major acti-
vity has been the preparation of a
unep/gef project on “Economics
of GHG Limitations”, which will
be implemented by the Centre and
provide a direct follow-up on the
work over the last years on GHG
Abatement Costing. Preparation
activities involved setting up 8 na-
tional sub-projects in Africa, Asia,
Latin America and Eastern Europe
and coordination with all multi-
and bilateral funders of climate
change country studies. 
Phase iii of the Abatement
Costing Project involving case
studies in Venezuela and Zimbab-
we was concluded in 1995 and will
provide valuable input to the new
major project which is expected to
commence early 1996. The techni-
cal support to a mitigation project
in Tanzania, funded by the Ger-
man Agency for Technical Coop-
eration, was completed, but a fol-
low-up activity on the sub-regional
level is being planned. In addition,
the Centre provided assistance in
setting up national mitigation pro-
jects in Egypt and Jordan for undp
and in Peru for Danida. For all
three projects the Centre will be
providing technical assistance also
in the implementation phase.
been extended and compared with
experiments in various scales up
to volumes of 150 kg. The work
on dense gas dispersion comprised
finalization of the field experi-
ments with releases of ammonia
and establishment of a data base
containing dense gas dispersion
experiments including the field
experiments with ammonia.
The latter work constitutes an
element in the eu emphasis on im-
proving model quality, where the
work in 1995 on the eu-supported
activity (Model Evaluation Gro-
up) has emphasised the develop-
ment of procedures for evaluating
models for dense gas dispersion,
liquefied pool fire and gas explo-
sions. The department has been
responsible for the editorial work
of meg and contributed its chair-
man. 
A large effort has been under-
taken within the cooperation with
the oecd Halden Reactor Project
dealing with the development of
overview display systems for con-
trol rooms. Use of reliability data
in assessing safety and reliability
was continued with emphasis on
the development of statistical
methods suitable for presentation
Integrated environmental 
and risk management
The aim of the research program-
me is to develop methods for ana-
lysing the safety and reliability of
technical systems and facilitate in-
tegrated environmental and risk
management taking into account
human and organisational aspects.
A significant part of the work
in 1995 was carried out with sup-
port from the eu research pro-
grammes environment and tele-
man covering work on the develop-
ment of methods for reliability in
design and operation and studies
of the consequences of industrial
accidents.
Within teleman the work on
methods for reliability of a generic
teleoperated manipulator was con-
tinued and the methods were
further developed and targeted to
specific robotic systems. A post
doc study was started to develop a
control system for underwater
vehicles for inspection purposes
incorporating safety and reliability
considerations, using similar
methods and approaches.
An assessment of the con-
sequences of industrial accidents
supported by the eu environment
programme has focused on ana-
lyses of fires in warehouses con-
taining chemical substances and
dispersion of dense gases from re-
leases or fires. The micro scale fires
simulated in laboratories have Y
S
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of trends. A post doc study has
created valuable results on the
feasibility of a Fuzzy Sets ap-
proach to treat uncertainties in
data and models coherently.
Studies of the reliability of
safety systems for wind turbines
have been conducted in projects
sponsored by the Danish Energy
Research Programme and the EU
Programme joule, establishing
procedures for safety assessment,
and developing the operational
tools for reliability analysis.
In 1995 the Department contri-
buted to specific investigations in
Denmark under contract with
Danish industries and regional
authorities responsible for review-
ing safety assessments of indu-
strial plants. 
Man/machine interaction
The aim of the Man/machine inter-
action programme is to develop
methods for analysing the interac-
tion between people and advanced
technical systems with a view to
establishing concepts for safe and
efficient treatment of complex
work tasks.
Two research projects carried
out under the EU Third Frame-
work Programme were finished in
1995: muster (Multi User System
for Training and Evaluating Envi-
ronmental Emergency Response)
and comic (Computer-based
Mechanisms of Interaction in
Cooperative Work).
Innovations produced in the
muster project are exploited in
membrain, a five-year Eureka pro-
ject in which Risø and a Danish
software company cooperate on
developing the training and com-
munication modules of a decision-
support integration platform for
major emergencies.
The comic project was an
Esprit Basic Research Action de-
voted to developing the theoretical
and technical foundation for the
design of computer-based tools
that help multiple distributed
actors with coordinate their work.
Prototypes utilising the conceptu-
al framework established within
comic were built with support
from the Danish Science Research
Council and from the department’s
participation in European Network
for Appropriate Cooperation Tech-
nology. Through 1995 the depart-
ment has served the European
Commission dg-xii as Coordina-
tion Agency of the cost-14 Action
on Cooperation Technology.
In a project sponsored by the
Danish Research Council for the
Humanities field work was carried
out in a large manufacturing com-
pany to explore the generation,
communication and usage of in-
formation among the members of
industrial design teams. 
In the Esprit project mate
(Multi Aircraft Training Environ-
ment) human-factors experiments
were performed to study the train-
ing effect obtainable with flexible,
‘soft’ control panels. Furthermore,
during a continued collaboration
with the Man-Machine Research
Division of the OECD Halden
Reactor Project, assistance has
been provided with recording and
analysing eye-tracking data in ex-
periments set up to study team
performance in simulated diagnos-
tic tasks at the Hammlab nuclear
control room facility at Halden in
Norway.
Under a collaborative agree-
ment called helt (Human Ele-
ments in Marine Operations) with
the Danish Maritime Institute
(dmi), a tool for simulating naviga-
tor performance is being develop-
ed. Other joint undertakings with
dmi have included testing and
evaluating a workstation for pilots
and retrospective human-factors
data analysis of simulator training
sessions with navigation crews.
S
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solving the problem of excess elec-
tricity production. Regulating
down the wind power production
in periods of high wind speeds is
one way of resolving the problem
– electricity export may be an
other option. 
These are some of the issues
analysed in a project concerning
options for large-scale utilisation
of renewable energy for power and
heat production in the future Da-
nish energy system. The project is
carried out in collaboration with
The Test Station for Wind Turbi-
nes and the electric utilities el-
kraft and elsam. The project has
been supported by the Danish
Energy Research programme.
The project addresses technical
and system development chal-
lenges that arise if regional renew-
able energy resources are to form
the main energy inputs in the futu-
re Danish power and heat supply.
System development strategies are
formed that cover a time scale up
to year 2030. The main focus in
the analyses are on the long-term
aspects. Based mainly on fluctua-
ting inputs from renewable energy
technologies such as wind power
and photovoltaic and biomass,
supply strategies are described
capable of providing the same
quality of electric service as exists
today. CO2-emission reduction
and average production costs of
electricity in future systems that
integrate large scale renewable
energy utilisation are evaluated.
Method and strategies
A scenario approach is used, where
verbal descriptions of basic aims
Large-scale utilisation of wind
power imposes new constraints in
the electricity and heat supply
system, which unless taken care of
might generate economic and tech-
nical problems. By nature wind
power is a fluctuating energy
source. Low wind speeds and con-
sequently low power generation
may occur at times of peak electri-
city demand. On the other hand,
there might be plenty of wind-pro-
duced electricity at times where
electricity demand is low.
A situation where wind power
production corresponds to 50%
of the yearly electricity demand in
Denmark is shown in Figure 1.
The blue curve shows the varying
electricity demand in one-hour
time steps during a 3-week period
in springtime. The fluctuating
wind power production, shown as
the red curve, is based on power
curves for the average wind capa-
city in an assumed future system.
The assumed wind speeds are
based on synchronous measure-
ments at four selected locations in
Denmark. The installed wind
power capacity is close to the peak
power demand in the system. As
seen from Figure 1 the wind pow-
er production in certain periods
exceeds the demand for electricity
substantially. Constraints in other
parts of the power production
system further increases the excess
electricity production in this
period. Figure 1 furthermore
shows that very substantial
fluctuations occur in the wind
power production. Such fluctua-
tions impose strong requirements
on the regulation capability in the
rest of the supply system.
Several possibilities exist for
S y s t e m  C o n s e q u e n c e s  o f  
L a r g e  S c a l e  U t i l i s a t i o n  
o f  W i n d  P o w e r  
Simulat ion 
and Optimisat ion 
of Energy 
Systems
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in society at large form the start-
ing point for the analysis. Econo-
mic growth, fuel price develop-
ments, energy demands, and ener-
gy supply strategies are derived in
accordance with fundamental
aims for society at large.
A main scenario, called “The
Green Society”, for the develop-
ment of society at large were assu-
med that sets up fundamental as-
sumptions for the analysis of large
scale utilisation of renewable ener-
gy. Defined here, this scenario
mainly implies for the energy
sector an assumption of a persi-
stent political willingness to pro-
mote energy conservation and uti-
lisation of renewable energy re-
sources. An essential  goal is to
achieve substantial CO2-emission
reductions. Within this scenario
strategies for energy conservation
and energy supply are developed.
The analyses focus on the years
2005 and 2030, medium and long-
term, respectively. In the “The
Green Society” a main goal is to
achieve a renewable energy utilisa-
tion covering 75% or more of the
expected Danish electricity de-
mand in year 2030. A milestone
towards this goal is to reach a 25%
coverage of the electricity demand
in year 2005 from renewable energy
sources equally divided between
wind power and biomass. 
Three long-term electricity
supply strategies for utilising re-
newable energy sources have been
set up. Two strategies (s1: wind
50%, biomass 25% and s2: wind
25%, biomass 50%) put main em-
phasis on wind power and bio-
mass utilisation, respectively, and
each strategy aims to cover 75% of
the electricity demand from ren-
ewables in year 2030. The third
strategy (s3: wind 50%, biomass
35%, solar 15%) combines the
three main renewable energy sup-
plies in Denmark and aims to co-
ver the total demand for electricity
year 2030.
Four models have been used to
carry out the analyses. These are
the brus model for energy, econo-
mic and environmental analysis of
the overall system, the supply sy-
stem simulation models es3 and
sivael and the pss/e model for
Load Flow analysis of the electric
grid.
The following description
focuses on wind energy integration
and the s1-strategy for electricity
and heat supply in “The Green
Society”. Furthermore, some
main results on CO2-emission and
economic consequences for year
2030 are described.
Combined heat and power supply 
Large-scale introduction of renew-
ables will impose strong require-
ments on the flexibility in the rest
of the energy production system.
If at the same time an intensive
development of combined heat
and power takes place, including a
general trend towards technologi-
es with high electricity-generating
efficiencies, this will further incre-
ase problems with regulation and
excess production of electricity.
These consequences  are illustrat-
ed in Figure 2, where yearly over-
all heat demand is shown on the 
x-axis and yearly power demand is
shown on the y-axis.
The figure illustrates three situ-
ations (the slope of the dotted line
through the origin is the average
ratio of electricity to heat produc-
tion, called the Cm-value):
Figure 1. Wind power production and
electricity demand in a selected period.
(one-hour time steps)
Time
Power
Figure 2. 
Consequences
for combined
heat and power
production of
introducing
wind turbines
and power
plants of high
electricity 
production 
efficiency.
Low Cm
High Cm
Power 
demand
1
1
1
2
2
4
6
25
3
Power 
demand
Heat demand
Heat demand
Heat demand
Power 
demand
1. Heat and power demands
2. Combined heat and power 
production
3. Residual power demand 
(condens) at low Cm
4. Residual heat demand 
(district heat) at high Cm
5. Residual electricity demand 
after wind power
6. Residual heat demand 
(district heat)after wind power
at high Cm
QQ
Q
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The upper part of the figure
shows the situation today.
Having covered the heat de-
mand (along the x-axis) by
chp-production, a remaining
electricity demand ( interval
highlighted on the y-axis ) has
to be covered by condensing
operation of units. Potential
(and cheap) heat production
accompanying this remaining
power generation is not sale-
able and to some extent one
can say that an excess heat
production potential exists
today.
The second part of Figure 2
illustrates a future situation
where new technologies with
higher electricity producing
efficiencies are introduced,
implying that the ratio of
electricity to heat production
for the supply system has in-
creased (increased Cm-value).
The situation has now rever-
sed. Having covered the elect-
ricity demand in the system, a
heat demand remains that
must be dealt with by other
means.
The lower part of Figure 2
illustrates a situation where,
furthermore, 50% of the elec-
tricity demand is generated
from wind turbines . Wind
power substitutes electricity
production otherwise produ-
ced by chp-plants, and may
thus have reduced the heat
production accordingly, and a
major heat deficit may arise
in the system . If such expect-
ed heat deficits were supplied
by chp-production excess
electricity production would
result.
In “The Green Society” the con-
sequences of a development such
as the above-mentioned are ana-
lysed. If there is a surplus of elect-
ricity and a shortage of heat, the
relative cost of heat will increase,
and the balance between electrici-
ty and heat conservation may be
displaced towards an emphasis on
heat conservation. Thus the im-
portance of heat conservation in
chp district-heated areas increases
along with a change from an ex-
cess heat situation to a heat deficit
situation. A consequence of the
technological development and in-
creased wind power utilisation
may be a growing importance of
heat conservation measures in the
larger urban areas. 
In “The Green Society” the so-
lution to the type of effects out-
lined in Figure 2 is a combination
of heat conservation and increased
heat production. Heat pumps are
introduced to reduce excess electri-
city production from wind turbines
in periods of high wind speeds and
to reduce the heat deficit in district
heating systems.
The result of detailed assump-
tions on, e.g. economic growth
and energy conservation is a total
electricity demand close to today’s
level during the period up to year
2030. Increasing efficiency in the
use of electricity almost compen-
sates for the assumed increase in
the demand for electric services in
“The Green Society”. District heat-
ing demands are however assumed
to fall substantially during the
period . The heat demand in the
chp-system in“The Green Society”
is assumed to decrease by 40-50%
during the period, due to retrofit
insulation and increased insulation
standard for new buildings.
Wind power development
An assessment of the development
of wind technology has been carri-
ed out. Improved design and effi-
ciency are expected to reduce the
specific costs of electricity from
wind turbines by about 25% dur-
ing the period. The unit size of ty-
pical mass-produced wind turbines
is expected to increase from about
0.5 mw as seen today to about 2.5
mw in year 2030, and future wind
turbines are expected to operate at
maximum efficiency over a wide
wind speed range utilising variable
speed and active pitch control. 
The development of wind
power capacity during the period
up to year 2030 in “The Green So-
ciety” is assumed to follow an al-
most steady path. It is assumed
for the technical analyses of future
Danish electricity supply systems
that the interaction with the elec-
tricity systems of our neighbour
countries is kept at today’s level.
Thus the need for increased regu-
lation capability in the system
mainly due to the large capacities
of fluctuating wind power must be
supplied from within the Danish
system during the period up to
year 2030.
Wind power and excess 
power generation
Excess electricity production will
increase as the coverage from fluc-
tuating renewable electricity pro-
duction from wind power increase.
Excess generation may increase
further due to system constraints
and limited regulation capability
related to other production capa-
city in the system. The excess elec-
tricity production as a conse-
quence of increasing wind power
production is shown for Danish
conditions in Figure 3. 
When wind power generation
exceeds appr. 20% of the total elec-
tricity demand excess electricity
production starts to emerge. This
is shown on the lower curve in
Figure 3. Accordingly, when wind-
based electricity covers appr. 50%
of total electricity demand excess
production will be close to 10%,
increasing to appr. 40%, when
Risø-R-874(EN)
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electricity production from wind
power corresponds to total de-
mand. The upper curve of Figure
3 shows the percentage of electri-
city demand that is not covered by
wind power, and thus has to be
produced by conventional power
plants. Even though wind power
in energy terms corresponds to
100% of demand, only appr. 60%
of the wind-generated electricity
can be directly utilised, requiring
that appr. 40% of electricity de-
mand be supplied by other means.
Power supply and 
regulation capability
The desired combination of high
regulation capability and high effi-
ciency for the electricity produc-
tion points in favour of gas-fuelled
technologies. Gas technology is
assumed to play an important role
in the future energy system, where
high energy efficiency and system
flexibility are essential.
In “The Green Society” the
main new technologies introduced
on the longer term are biomass
gasification, igcc and fuel cells on
natural gas and syngas. Based on
these technologies the  biomass
utilisation in the system can be ex-
pected to yield high efficiencies for
electricity generation. In the tran-
sition period, short-to-medium
term, combined-cycle plants on
natural gas and cfb-plants or mul-
ti-fuel-plants utilising biomass are
introduced. Gas turbines supply
peak load generating capacity to
the system. The consumption pat-
terns for natural gas in the system
pose strong requirements as to the
flexibility of the gas supply system.
Heat storages (of about one
day capacity) are utilised to de-
crease/eliminate constraints for
the combined heat and power pro-
duction. Furthermore, the heat
storage capacities are used in com-
bination with heat pumps. “Ex-
cess” electricity production from,
e.g. wind turbines is partly recove-
red by heat pumps to supply the
district heating systems. If further
heat production is required the
heat pump capacity is used and
electricity production is raised to
supply the heat demand.
What remains of the “excess”
electricity production is highly
irregular in time and fluctuates
strongly in the power. A fraction
of this is recovered as resistance
heat and what now remains the
system is unable to use. Such losses
occur in strategies s1 and s3. In
practice, however, this potential
production will not be generated.
The wind turbine capacity in such
situations must be able to regulate
down the production to maintain
the stability on the national grid.
CO2-emission
The achievable CO2-emission re-
ductions in the energy system as a
whole and in particular in the
combined heat and power sector
are substantial in the strategies
analysed. 
In year 2030, CO2-emissions
from the power/chp sector are re-
duced by appr. 85% and 88% in
strategies s1 and s2, and 100% in
s3 relative to the 1992 level. For
the energy system as a whole in
year 2030 the emissions are redu-
ced by 60-70%, which also includes
the effects of energy conservation
measures outside the chp-sector in
“The Green Society”. 
Main conclusions
A main conclusion from the tech-
nical analyses carried out is that it
is possible over the period up to
year 2030 to develop well-func-
tioning power and heat supply
systems where 75-100% of the
electricity supply is based on Da-
nish renewable energy resources.
However, the average production
cost of electricity in year 2030 in
strategies s1 and s2 is expected to
increase about 30%, and for s3
about 65%, relative to the 1992
level. The composition of the
average production costs in the
strategies year 2030 is changed to-
wards increased investments and a
reduced dependence on fuel costs.
This conclusion is based on a
number of assumptions, and it
must be emphasised, that consider-
able uncertainty is associated with
long-term analyses, e.g. concerning
available energy resources, techno-
logical development and economy.
It should also be mentioned that
investments to improve energy ef-
ficiency on the demand side (power
and heat consumption) are not in-
cluded in costs on the supply side,
and supply technology develop-
ment costs not reflected in the as-
sumed investment costs are not in-
cluded. Furthermore, it should be
mentioned that the systems analys-
ed in year 2030 are not optimised.
Publications in 1995: 25, 27
Poul Erik Morthorst and
Lars Henrik Nielsen
Figure3.Wind power production in phase
with electricity demand on a yearly basis.
(Residual supply system not included)
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Risø National Laboratory and
Danish Energy Analysis. It was
supported financially by the Da-
nish Energy Research Programme.
The methodology that has
been developed can be utilised di-
rectly by industrial companies to
assess the consequences of intro-
ducing a new energy-saving tech-
nology in the industrial process.
The industrial firm itself must
prioritise the importance of the
different problems that appear by
using the methodology.
Methodology structure
The methodology is constructed
in two phases: the first phase is a
screening of all possible consequ-
ences following the introduction
of the special energy-saving tech-
nology. Based on this screening
the important consequences of in-
troducing the technology are point-
L i f e  C y c l e  A s s e s s m e n t  o f  
E n e r g y  S a v i n g s  i n  t h e  I n d u s t r y
During the last years many activi-
ties have been initiated to introduce
energy-savings in the industry.
Nevertheless, many energy-saving
proposals that have been made to
the industry by energy-advisers
have never been carried out. The
reason for this lack of enthusiasm
is that the introduction of energy-
savings in an industrial process
often has consequences for the to-
tal production process. An exam-
ple of the consequences resulting
from the introduction of an energy-
saving is shown in Figure 1.
The introduction of energy-
savings in industry could be pro-
moted by developing a methodolo-
gy to assess all the different con-
sequences for the total production
process in the industry. The main
purpose of this project has there-
fore been to develop a methodolo-
gy to assess energy-savings in the
industry. The project was carried
out in a collaboration between
ed out. In the second phase the
important consequences are given
in a detailed analysis based on a
life cycle assessment methodology.
The methodology handles four
different consequence areas follow-
ing the introduction of an energy-
saving technology in the industry:
energy, environment, work environ-
ment and economy.
Delimitation
The methodology has been delimit-
ed in different areas in order to
make the methodology clear and
practically easy to handle.
The energy consumed in pro-
ducing different energy supplies
has been estimated based on a
cradle-to-grave analysis. The ana-
lysis includes energy consumption
in relation to extraction and trans-
port of raw materials, production
of the manufactured supply, and
disposal at the end of its lifetime.
The materials, that have been
analysed in the project in relation
to energy-consumption, and there-
by giving rise to emissions, are
those which seem to be the most
important for producing the majo-
rity of the energy-saving technolo-
gies. The result of the energy-con-
sumption analyses for the different
materials is shown in Table 1. The
table shows the energy consumed
in producing, transporting, and
disposing 1 kg material. 
Environment includes the most
importantenvironmentalconditions
in the analysed industrial company,
while environment connected to all
the other different phases of the
energy-saving technology has been
limited to environmental conditions
related to energy consumption.
Emissions have been estimated
for 1 kg of the above mentioned
materials. The analysis is based on
emissions related to energy
consumption in different phases:
emissions related to material pro-
Figure 1. Exam-
ple of the con-
sequences of in-
troducing an
energy-saving
technology into
an industrial
company.
Energy saving
Product
Production Equipment
Logistic
Work Environment
Need for Knowledge
Production Process
Material Consumption
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Energy Consumption
Infra Structure
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duction, material manufacturing,
material transport and material
disposal by combustion.
In this type of analysis a com-
pany will be able to state the diffe-
rent materials in weight used in
the energy-saving technology, and
obtain the total energy consump-
tion and emissions related to the
technology directly.
Work environment has been li-
mited to the actual potential work
environmental impacts in the in-
dustrial company.
Regarding the economy it is
only the economy related directly
to the industrial company, which
is actually analysed. The economy
analysis includes both the direct
and indirect economic consequen-
ces achieved by introducing the
energy-saving technology.
In this way the total analysis
focuses on the conditions related
directly to the company except for
the energy consumption, which is
a life cycle assessment.
Demonstration of the methodology
As a part of the project the poten-
tial of energy-savings in the Da-
nish industry has been analysed.
The energy-saving potential has
been divided into branches and
end-uses in order to be able to
choose an example for demon-
strating the methodology, that is
relevant to the industry.
In the light of the analysis the
case for demonstration of the me-
thodology has been chosen in the
graphic industry with the end-use
ventilation. The case chosen is a
graphic company in a situation
having to choose between a tradi-
tional ventilating system and a
more energy-efficient but more
expensive one.
Considering the first phase of
the methodology, it was concluded
that the company gave economy
the highest priority. The simple
pay-back time was much larger for
the energy-efficient ventilating
system than the usual demand of
maximum pay-back time given by
the company. Therefore, it was of
great importance in the second
phase of the methodology to ana-
lyse other effects to see if these
conditions made it worthwhile to
choose the energy-efficient system.
In the second phase of the me-
thodology – the life cycle assess-
ment – more costs were added to
those of the energy-saving techno-
logy as a result of reduced flexibi-
lity and increased maintenance. 
In relation to work conditions im-
provements were pointed out for
the thermal work climate.
In relation to the environment
the energy-related emissions were
reduced significantly. The CO2
emissions were cut down by 62%
after introducing the energy-effici-
ent ventilation system.
Conclusion and recommendations
The methodology which has been
developed in the project has ap-
peared to be useful for an indus-
trial company in order to assess
the consequences of introducing
an energy-saving technology com-
pared with an ordinary energy
technology. It may also be possible
to use the methodology for assess-
ing energy and environmentally
related consequences by develop-
ing new energy-saving products.
The methodology applies to a
company with an interest in
energy and environment with a
basis of decision that is much
broader than the one that has been
present until now for assessing
new energy technologies.
The methodology has in some
way been developed as a spread
sheet model, but the project is pre-
sented and demonstrated only in
schemes. Obviously the methodolo-
gy needs to be developed further as
a pc spread-sheet model. In thisway
the industrial company will be able
to insert data indicating the diffe-
rence between the energy-saving
and alternative technologies into
the model and calculate the con-
sequences considering energy, en-
vironment and economy directly.
Publication in 1995: 34
Lotte Schleisner
Steel 1.6 14.1-20.7 4.9-8.2 0.1 0 20.7-30.6
Cast iron 7.4 10.6 18.2 0.1 0 36.3
Aluminium 0 23.1-31.5 8-11.4 1.4-2.9 0 32.5-45.8
Copper 3.0 45.1 13.6 16.5 0 78.2
Lead 0 20.3 9.0 6.3 0 35.6
Zinc 0 61.3 9.3 2.4 0 73
HD-polyethylene 0 30.8 9.8 5.1 0 45.7
PVC 0 19 12.6 6.6 0 38.2
Rubber 0 19.8 20.5 0 0 40.3
Float-glass 0 1.0 0.8 7.5 0 9.3
Packing glass 0 2.0 0.8 5.3 0 8.1
Wood boards 0 0.9-1.4 0.5-1.0 0 0.6-2.2 2.0-4.6
Wood plates 0 2.9 1.4 0 5.7 10.0
Table 1.
Total energy
consumption
related to 
1 kg material.
Petroleum Coal Oil Natural Wood Energy 
coke gas consumption 
MJ/kg MJ/kg MJ/kg MJ/kg MJ/kg in total MJ/kg
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Energy, economy and environment
are closely linked not only at a
local and regional level, but also at
the world level. The elaboration of
strategies to reduce environmental
impacts resulting from the produc-
tion and utilisation of energy, and
ensure sustainable economic de-
velopment, requires cooperation at
a multinational or even world level.
A prerequisite to an efficient co-
operation is the use of a common
language, consistent methodolo-
gies, and models to analyse the
interrelationships in such complex
systems. 
The EU EURIO project
Within the framework of the
energy research programmes of
the European Commission a series
of tools and methodologies has
been developed and used within
the Community for the analysis of
strategies. There is obviously a de-
mand by non-eu countries and
especially by Eastern European
and developing countries for using
these tools. Nevertheless, the expe-
rience showed that a successful
transfer of a model – in the sense
that the model will really be opera-
ted properly and durably by ex-
perts from the concerned country
for, e.g., decision-making purposes
– is not obvious. Failures often
resulted from insufficient training
in the operation of a model, its
underlying methodology, and the
interpretation of its results. 
The EURIO project is a part of
the JOULE Non-Nuclear Energy
Research Programme. The main
purpose of the project is to be a
support for Research and Techno-
logical Development (rtd) strate-
gies in the fields of energy planning
and environmental protection. The
existing network of experts and in-
stitutions in the eu has been ex-
panded to include partners in Cen-
tral and Eastern Europe with ex-
perience in modelling for national
decision support purposes and two
regional centres in Asia. 
Models for the following types
of analyses are included in the
eurio project:
Energy technologies
Energy demand
Energy supply
World energy markets
Macroeconomic impacts
The main results of the pilot pha-
se, which was completed by the
end of 1995, are: 
Overview of modelling experi-
ence and needs in the Central
and Eastern European coun-
tries.
The eurio Model Package,
where the models efom-env,
medee, mure and poles have
been selected as initial models
for analysis and planning in
the overall energy-economy-
environment area at various
levels.
The euric Tutorials character-
ised by a modular structure, a
stepwise development from
basic concepts to the full refe-
rence model. The tutorials are
exercise driven, and computer-
ised versions of all elements
are being developed.
Model transfer and adapta-
tion in the Central and
Eastern European Countries. 
The work was organised in work-
groups among institutions with
special experience in particular
models, topical and regional work-
shops, and bilateral contacts be-
tween institutes in Western and
Eastern European countries; these
are based on visits and an exten-
sive transfer of documents and
data by e-mail. The main tasks of
Risø have been editing tutorials
for energy supply modelling,
providing a sectoral model for the
electricity sector with combined
heat and power (chp) and collabo-
rating with the partner institutes
in Latvia, Lithuania and Ukraine.
Tutorials for energy supply 
modelling
The main contribution of Risø to
the eurio project has been partici-
pation in the development of tuto-
rials for energy supply modelling.
These tutorials are exercise driven
and follow a formalised stepwise
increase of the level of complexity,
which is common for all types of
models included in the project: 
Pen and Paper describes the
fundamentals of energy con-
cepts such as efficiency, avail-
ability and utilisation, emis-
sion factors, technical lifetime,
technology costs, interest and
discounting.
Initiation to modelling addres-
ses fundamental concepts and
assumptions behind the mo-
delling. 
Coping with complexity des-
cribes levels of aggregation
used, energy and material
flows, and algorithms for sup-
ply-side modelling.
Working with a Reference
Model shows, through practi-
cal exercises, how to construct
national models. 
E n e r g y  E n v i r o n m e n t  
E c o n o m i c  M o d e l l i n g
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This structure is used mainly for
printed reports and supporting
spreadsheets, but more computer-
ised versions using an integration
of hypertext and databases are
being developed. The report also
summarises the experience gained
during the collaborative modelling
work. Two topics are emphasised: 
The development of a natio-
nal model organisation for im-
plementing and applying the
tools and methodologies.
Dissemination of models and
software including the legal
status of the software for the
reference models with a prac-
tical example of a licensing
and changing practice.
The reference model for energy
supply which was used for national
case studies in the eurio project is
the efom-env model describing
cost curves for national emission
reduction strategies. This model
has a long tradition with typically
other study objectives such as the
penetration of new technologies or
impact of fuel price changes. The
energy system is described as a
network combining the extraction
of primary fuels through a number
of conversion and transport tech-
nologies to the demand for energy
services or large energy-consuming
materials. Energy demand and
prices are exogenous assumptions,
which may be determined by
macroeconomic models or general
equilibrium models. The strengths
of the models are endogenous in-
vestment in new equipment and
endogenous utilisation times du-
ring the lifetime of capital-intensi-
ve equipment, e.g., power stations.
Applications of the modelling tools
for different projects
It is important that models of even
a fairly limited complexity be used
systematically by different persons
for different purposes. This is ne-
cessary for model consolidation
and understanding – not to men-
tion debugging. Another applica-
tion of the efom model, which is
illustrated in Figure 1, was devel-
oped mainly within a project “Da-
nish Utilities in a competitive mar-
ket” for the Danish Energy Re-
search Programme, completed in
1995. The modelling experience
gained during the eurio project
modelling is further used for the
“Energy tariff project– Latvia”
also financed by Danish Energy
Research Programme and started
in 1995. This project was initiated
by the Danish firm Nellemann,
Nielsen and Rauschenberger A/S
on the basis of their experience
with natural gas tariffs in Latvia.
The Latvian partners are Rigas
Gaze and the Physical Energetics
Institute of the Latvian Academy
of Sciences. A seminar in Riga is
scheduled for May 1996, and the
report be published in mid-1996 in
English with summaries in Latvian.
Application of a sectoral model for
electricity with CHP
Most experience with the optimisa-
tion models was gained with the
traditional organisation of the elec-
tricity supply industry, i.e., verti-
cally integrated regional monopo-
lies. This organisation has been
changed in some countries, and it
is challenged in many other coun-
tries and by proposals from the
European Commission on a Euro-
pean electricity market with sepa-
ration of natural monopolies and
activities subject to competition. 
The necessary analyses of the
consequences and performance of
the design and regulation of a
competitive market will require the
development of different model-
ling tools. Some of these will bene-
fit from the data and modelling ex-
perience of the traditional organi-
sation of the industry. 
The optimisation model is used
for two types of comparative ana-
lyses of the electricity sector that are
required for analysing of the con-
sequences of a competitive market:
Different market conditions
for the electricity system in a
given region 
The impact of given market
conditions on different regions
Both approaches are likely to give
results that are conflicting for com-
peting agents. However, this may be
a good description of the realworld,
which consists of oligopolistic mar-
kets, rather than perfect competi-
tion. Further tools, i.e., in the tra-
dition of game theory, are needed
to analyse the interaction of agents
within these types of market. 
Figure 1 shows a set of diffe-
rent market conditions used to de-
Other central
Central CHP
Decentral CHP
Wind
Import
Export
1995 2000 2005 2010
TWh
5 %
Low prices
Monopolies Overcapacity Market
60
50
40
30
20
10
0
-10
-20
10 %
Low prices
10 %
Price increase
1995 2000 2005 2010 1995 2000 2005 2010
Figure 1.
Risø-R-874(EN)
16
The southern part of Poland, Sile-
sia, contains coal fields, which for
many years have been exploited
intensively. The coal is used for ex-
port and for domestic use, especi-
ally local purposes. The coal indu-
stry has given rise to a number of
energy-intensive industries in the
region like metallurgical works
and electric power plants. Natural-
ly, the coal is also used for  room
heating purposes, ranging from
small stoves to large boiler plants
feeding district-heating grids.
Therefore, this region as well as
the neighbouring areas in Germa-
ny and the Czech republic are he-
avily polluted with depositions of
acid rain, dust, etc., which cause
damages to public health as well
as to the biosphere in general.
Not all emissions will contribu-
te to local pollution, because parts
are “exported” with the wind to
other regions. However, corre-
sponding emissions are “impor-
ted” from adjacent areas by the
wind. The SO2-emissions are illu-
strated on the map, which shows
that the region around Katowice
(indicated in red) is heavily pollut-
ed, more than 40 tons per square
kilometre per year.
These facts provided the incen-
tive to concentrate planning efforts
at this region and suggest ways in
which the emissions could be de-
creased by pointing out cost-effect-
ive methods to decrease the
demand for comfort heat and to
increase the efficiencies of the
combustion devices and flue gas
cleaning.
It was decided to establish a
co-operation with seven Polish
municipalities in the region and to
use a Polish engineering company
as a link between the Danish and
Polish sides. It is supposed that the
municipalities will use the master
plans as tools in the continuing
planning procedures and also for
preparing applications for ec sup-
port for specific projects concer-
ning emission reduction. The pro-
ject concentrated on preparing a
master plan for the period until
year 2015 pointing out improve-
ments to selected buildings and
heating plants proposing a campa-
ign aimed at the public, dealing
with methods to save energy, e.g.
by improving the insulation of bu-
ildings and installing regulating
valves on the radiators
Therefore, the municipalities
played a major role by organising
committees which met regularly
with the Danish Joint Venture to
discuss methods and results of the
project.
Organisation
The project – which was suppor-
ted by the Danish Foreign Mini-
stry – was carried out with several
partners: a Danish Joint Venture
between Risø, Roskilde Universi-
M u n i c i p a l  a n d  R e g i o n a l  
H e a t  P l a n n i n g  
i n  t h e  K a t o w i c e  R e g i o n
Figure 1. SO2-emissions in Poland. 
The most polluted areas marked with
red are within the Silesian region .
scribe an optimal development of
the electricity supply industry in
Denmark. The traditional organi-
sation of the industry is illustrated
by the model results labelled
‘Monopolies’. The market condi-
tions are characterised by low
prices for electricity trade and a
5% discount rate. The market is
protected, the return on invest-
ment in new equipment is safe,
and import will occur only at low
prices. 
Liberalisation will remove this
protection. The present situation is
characterised by ‘Overcapacity’.
The return on investment is no
longer safe, leading to a higher
interest rate, which will discourage
investment in new equipment.
Prices may be kept too low by
competition, threatening the finan-
cial survival of the industry.
In a properly organised ‘Market’,
prices are expected to increase to
encourage investment in new
equipment. The industry must
operate on a financial market in
competition with other investors,
assuming the discount rate at 10%.
The Danish electricity supply in-
dustry has a competitive advan-
tage because of the availability of
potentially cheap electricity from
chp. 
Although the volume and type
of investment in new equipment
may be very sensitive to the model
market conditions, the optimal
electricity production from both
central and decentral chp is very
insensitive to these different market
conditions, because the heat mar-
ket is determined by the district
heating infrastructure.
Publication in 1995: 16
Poul Erik Gronheit
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ty, Rambøll Consult A/S, and the
County of Storstrøm, each cover-
ing parts of the project in which
they have special competence. The
seven municipalities studied in the
project compiled much of the sta-
tistical data. The Polish enginee-
ring company Expert Projekt also
collected and systematised much
information, and, in addition,
supported the communication
between the Polish and Danish
partners.
Objectives
The overall goal for this project is
broadly speaking to increase the
quality of the environment in the
Katowice region by pointing out
measures which will decrease the
harmful substances originating
from the combustion of coal for
heating purposes.
There are several avenues of
approach which have been pro-
posed in this master plan. Some
aim at individuals, e.g., house
owners, others aim at public aut-
horities, e.g., the district heating
companies. Two main lines may be
identified: 
Technical: 
decrease demand, increase
energy system efficiencies,
and clean flue gases
Economic: 
consumers shall pay for their
individual consumption
The working methods
The master plan considers a num-
ber of states of the heating system:
The present state, as given by
available statistics
The base state in the scenario
year – 2015
Three improving steps – all
concerning year 2015 – taken
to decrease the pollution
For each of the future states seve-
ral possible improvements of the
heating system have been proposed
and included in the calculations:
extending the number of connec-
tions to the existing district
heating grid, introducing district
heating in new densely populated
areas, and improving the fuel
efficiency of the district heating
system by a more widespread use
of chp. In the last case, one might
provide condensing power plants
with heat exchangers for district
heating purposes. Also, as small
stoves, fired with coal of question-
able quality, are relatively high
polluters it is proposed that they
be replaced by more efficient
boilers.
Finally, all large boilers are
assumed to be provided with
efficient flue gas cleaning devices.
The work has been carried out
in collaboration with the partners
of the Danish Joint Venture as
well as with the Polish counter-
parts: an engineering firm and the
municipalities, which provided the
basic statistics and prognosis.
In order to evaluate the various
possibilities within the master
plan, Risø prepared a model of
the heating system, based on expe-
rience gained from similar proje-
cts, like one concerning Gliwice,
where a single municipality in this
region was studied.
The principles of the model are
sketched in the figure. The build-
ing data including the net heat de-
mands are specified in five build-
ing and two age categories. Fur-
ther, the buildings are grouped
according to five heating methods
and three fuels. The demands for
comfort heat as well as for hot tap
water are the primary input, being
specific to each building category.
From these the fuel demands and
emissions of the various categories
are calculated – taking into account
a possible reduction due to better
insulation of buildings and chan-
ges of heating methods. The econo-
mic calculations comprise the costs
of fuels, of operation and main-
tenance, and of investments into
production capacities in order to re-
place old production capacity like
boilers, district heat pipes, and sto-
ves, and to build new capacity if the
demand has increased sufficiently.
Figure 2. Simulation model.
Present net heat demands
Fuel demands Year 2015
Reduction of 
heat demands
Emissions Economics
Increase of 
efficiencies 
of heating 
systems
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Step 2: 
As step 1 – in addition a large
part of stoves are substituted
by more efficient boilers.
Step 3: 
As step 2 – with an additional
number of energy saving
measures carried out in resi-
dential and service buildings.
Some results of the simulations
The numbers in the table, which
refer to a particular municipality –
Dabrowa Gornizca – illustrate the
various steps taken to improve the
efficiency of the energy system,
and consequently of the quality of
the environment.
It is assumed that in the period
until year 2015 some improve-
ments of building insulation are
carried out, resulting in a 10-30%
decrease of the specific demand,
depending on the building catego-
ry, with corresponding costs of
0.25-1 Zl/m2 heated area. In addi-
tion, improvements of the heating
system are carried out.
For step 3 additional heat sa-
ving measures are assumed, redu-
cing the specific demands another
10-20%, but now much more ex-
pensive, 2-4 Zl/m2, because the
cheap possibilities have already
been used.
It is seen that the fuel consump-
tion and the SO2 emission are very
sensitive to the number of stoves,
decreased drastically in step 2.
The substitution of these rather
inefficient devices with other heat-
ing methods really gives rise to an
improved air quality. The extra
measures concerning increased
building insulation, etc., introdu-
ced in step 3, are expensive as seen
by the end-user costs, but still re-
garded as worthwhile.
The cost per reduced amount
of emission, regarded as a key fi-
gure, is very different for the
various measures introduced, ran-
ging from ~17 Zl per ton SO2 if
new districts are provided with a
costly district heating grid, to a
negative value (a gain) when very
polluting stoves are substituted.
Final comments
The progress of this project show-
ed that the methods used for many
years in Danish energy planning,
developed at Risø, can be trans-
ferred to Polish conditions. A num-
ber of measures have been pointed
out in order to reduce pollutions.
The economic consequences and
the reductions obtained are cal-
culated.
Further, the elapse of the pro-
ject showed that the co-operation
between Danish private and public
enterprises and between the
Danish and Polish participants
has been fruitful and resulted in 
a master plan for each of the seven
Polish municipalities.
Helge V. Larsen and 
Peter Skjerk Christensen
Units Present state Base scenario Step 1 Step 2 Step 3
Net heat demand* TJ/y 5721 6006 6006 6006 5474 
Fuel consumption TJ/y 8901 5968 5870 4834 4417
SO2 emission tons 5785 2627 2546 1894 1718
Dust emission tons 7605 3518 3400 2213 1992
Fuel costs mill. Zl - 35.074 34.476 28.419 25.961
Collective costs mill. Zl - 42.185 44.097 46.005 43.419
Costs at end-user mill. Zl - 4.551 4.592 4.829 14.912
Cost per ton 
reduced SO2** Zl/ton - - 16.73 -3.49 2.73
* The heated building area is increased with ~40% in the period until year 2015.
** The values are relative to the Base scenario.
Thus, the Risø part of the
work has concentrated upon:
Specifying the necessary data
Elaborating the simulation
model, utilising a scenario
technique
Evaluating the results
Scenarios
The calculations of possible states
of the future (2015) are based on
the present state (1994), given by
statistics. The way to the scenario-
year is not specified, but the scen-
arios are made in such a way that
a continuous change of the energy
system from the present to the fut-
ure state is possible. The following
scenarios have been studied, gra-
dually introducing more changes in
various parts of the energy system:
Base scenario: 
The demands and production
follow business-as-usual:
some reduction of the specific
demands is assumed and a
large part of the buildings,
including most public
buildings and service, is
connected to the existing
district heating grid where
possible.
Step 1: 
As base scenario. In addition
new districts relatively near
heat plants with excess capa-
city are furnished with district
heating grids.
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The European Environment
Agency (eea) in Copenhagen has
established a small number of
European Topic Centres. Risø is a
member of the international con-
sortium forming the European
Topic Centre on Air Emissions
(etc/aem). The framework in eea
for inventories of emissions to the
air in European countries is called
corinair. Until now 31 countries,
all of Europe including Russia to
the Urals, have participated in the
task. Risø was the project leader
for the extension to the three Bal-
tic countries: Estonia, Latvia and
Lithuania. The main tasks of the
Topic Centre in 1995 were valida-
ting the corinair 1990 inventories
and preparing the corinair 1994
inventory.
The corinair databases for
nine European countries were ve-
rified by Risø under a special con-
tract with eea including assistance
to Maltese experts in developing
the first inventory for Malta. Ot-
her countries were verified by ot-
her members of the etc. The new
corinair 1994 inventory must ful-
fil the conflicting demands for
both more pollutants (e.g., metals
and persistent organic pollutants)
and more rapid preparation, de-
livery and availability of emission
estimates. One instrument for
achieving this goal was the de-
velopment by the etc of a new
userfriendly windows-based soft-
ware. This enables both aggrega-
Institute (dmu) is the Danish nfp.
The Danish Energy Agency and
Risø as National Reference Cen-
tres (nrcs) are responsible for
supplying the Danish nfp with re-
levant energy data. One important
task in 1995 for Risø was the
updating and validating of the
1972-1994 energy balances in such
a way as to facilitate emission cal-
culations. 
Risø participated in the prepa-
ration of Transportstatistik 1995
issued by Statistics Denmark. The
Danish emissions from road traffic
for 1990-1993 were calculated by
the copert model. Other traffic
emissions were also updated.
In connection with the Danish
signature in 1995 of the unece
voc Protocol Risø updated the
projection of Non-Methane voc
emissions for the Danish Environ-
mental Agency showing that a
30% reduction in 1999 compared
to the 1985 level was possible if
the conditional agreement between
the Industry and the Agency was
implemented.
Publications in 1995: 1, 2, 3, 15
Niels Kilde 
and Jrgen Fenhann
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tion of detailed area sources data
and large point sources data into
national aggregated data and
making comparisons with national
energy balances. 
Several international organisa-
tions require regular reportings of
emission inventories for different
pollutants and in different for-
mats. One important improvement
in the new corinair software is
the ability to extract the results in
accordance with these require-
ments. Reporting to the eu and
ipcc as well as to the Convention
on Transboundary Air Pollution
(unece/emep) and the North Sea
and Baltic Sea conventions 
(parcom and helcom) will be
included.
The joint emep/corinair At-
mospheric Emission Inventory
Guidebook will be published by
eea in early spring 1996 both as
hard copy and cd-rom. In 1995
Risø prepared the chapters cover-
ing marine activities and air traf-
fic. It is the responsibility of etc
to maintain and develop this
Guidebook.
The eea has established Natio-
nal Focal Points (nfps), one for
each European country. The nfps
are responsible for national infor-
mation collection. etc /aem main-
tains close coordination with all
nfps. Risø has the responsibility
to assist the nfps in the five Nor-
dic countries and Greece. The
National Environment Research
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Energy and 
environment 
in developing 
countries
Two major unep energy-environ-
ment studies, in India and China,
were completed during 1995.
These studies represent two of the
key activities in unep’s energy pro-
gramme in recent years. Both
projects aimed specifically to
strengthen national and regional
institutional capacity in the area
of energy environmental analysis
and to promote policies that
would reduce energy-related envi-
ronmental emissions. The detailed
studies of the two countries
addressed all aspects of energy
and environment policy and plan-
ning, with substantial participa-
tion of local teams.
The India and China projects
were funded by the UNEP Energy
Programme, and initiated and
supported by the Centre, although
organisationally and substantively
the projects exhibit a number of
differences. 
Also completed in 1995 was a
two-year collaborative project to
develop a facility for analysing the
environmental loadings of com-
plete fuel chains. Specifically, the
work involved the enhancement of
the leap/edb computer analysis
tool and was a collaborative effort
between the UNEP Centre and
the Stockholm Environment Insti-
tute’s Boston Centre.
Environmentally sound energy
policy and strategies for India
The India study was implemented
by the Tata Energy Research Insti-
tute (teri) of New Delhi under the
guidance of a national Steering
Committee chaired by the Ministry
of Environment and Forests, and
including other key ministries,
industrial bodies and research in-
stitutes.
On the basis of detailed secto-
ral studies the project team estab-
lished a business-as-usual (bau)
energy scenario for India over the
next 20 years, describing how
energy demand and supply would
be expected to develop, and in
particular, detailed analyses of the
environmental effects. The bau
scenario projected large increases
in energy demand: coal supply
would have to be increased three
fold; petroleum product consump-
tion would more than double;
electricity generating capacity
would have to be increased by a
factor of three; and firewood de-
mand, assuming that supply is not
a constraint, would increase from
the present estimated levels of 200-
250 million tonnes to about 350
million tonnes.
These increases in energy de-
mand would place heavy loads on
the local, regional and global envi-
ronment. The study went on to
define alternative energy develop-
ment paths whereby the growing
demands for energy services could
be met in a sustainable way.
India has a large number of op-
tions from which to choose, includ-
ing increased energy efficiency, ac-
celerated renewable energy devel-
opment, introduction of clean coal
technologies, increased share of
hydro resources and provision of
alternative environmentally friend-
ly energy options for the rural
areas. If all of these options were
to be adopted successfully, emis-
sions of pollutants could be reduc-
ed significantly without affecting
the annualised energy system costs. 
S u p p o r t  t o  
U N E P  E n e r g y  P r o g r a m m e
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overview of the national energy
development situation, develop an
alternative national energy scena-
rio, and identify economic and
technological factors that might
constrain the implementation of
energy systems which would be
able to minimise environmental
impacts. The project also included
detailed regional studies for
Beijing and Guanxi provinces.
The project aimed specifically
to explore the economic and envi-
ronmental impacts of a range of
integrated energy policy measures,
and to examine a number of diffe-
rent environmental indicators,
such as loadings of SOx, NOx,
CO, CO2 and particulates. The
study describes what could hap-
pen under assumptions of particu-
lar packages of policies and te-
chnologies. The analytical tool
used in the study, the leap/edb ac-
counting framework, was well-
suited to this task. The use of the
accounting framework contrasts
with the optimisation approach
used in the India study. In the
leap/edb case a simple approach
based on physical simulation of
energy flows was used, providing
the analyst with a set of tools for
On the basis of the study of al-
ternative energy-environment
scenarios and an analysis of the
present economic and institutional
situation in India, the study made
a number of observations and has
put forward recommendations for
achieving the desired more sustain-
able energy path.
One of the key institutional
findings of the study is the impor-
tance of the fragmented structure
of the energy planning process in
determining the energy situation.
This has resulted in a sub-optimal
allocation of resources, which un-
fortunately are geared more
towards meeting short-term re-
quirements than planning for a
longer-term strategy for the sector
as a whole. The more detailed re-
commendations and a timebound
action plan resulting from the pro-
ject are under discussion with the
Indian Government with the aim
of identifying specific implementa-
tion possibilities and follow-up
activities.
Incorporation of Environmental
Considerations in Energy Planning
in the People’s Republic of China
The China project was started in
June 1993 with the signing of an
agreement between unep and the
National Environmental Protec-
tion Agency (nepa) of the People’s
Republic of China. The project
was similar in scope to the Indian
study described above, but in con-
trast, analysed the national situa-
tion at a regionally disaggregated
level, rather than in terms of na-
tional sectors. The project had
several aims: to provide a broad
checking the energy, economic
and environmental consequences
of different scenarios.
The UNEP Centre was involv-
ed closely in the substantive work
of the project, through training
and close collaboration on the use
of energy-environment modelling
tools. In this connection, a num-
ber of members of the Chinese
team had extended stays at the
Centre during 1994.
The unep/nepa project study
team arrived at a number of key
policy recommendations for
changing the present pattern of
energy production and consump-
tion, and establishing an energy
system which is more compatible
with sustainable development.
Although there are clear similari-
ties between the recommendations
of the China and India studies
described above, there are major
differences in their implementation
strategies, reflecting the political,
social and economic conditions of
the two countries. A major
achievement of the China study is
that the analysis identifies relevant
decision levels and actors, and
specifies conflicting objectives and
strategies. All these factors are
Hydro power plant in Argentina.
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likely to play a decisive role in the
formulation of a long-term energy
base for China.
Development and use of a tool 
for Fuel Chain Analysis
The Stockholm Environment
Institute’s Boston Centre (sei-b)
and the UNEP Centre have re-
cently completed a two-year pro-
ject to develop and apply a tool
for fuel-chain analysis in develop-
ing countries. The tool was an ex-
tension of the leap/edb model de-
veloped by sei-b, and the work
was carried out in close collabora-
tion with counterparts in Venezu-
ela and Sri Lanka where the tool
was tested through case studies.
Fuel Chain Analysis is an ana-
lytical technique in which energy
requirements are tracked through
chains of conversion processes on
the basis of the efficiencies and
process energy requirements of
each process. Coefficients (e.g.,
emissions per unit of fuel used)
yield an estimate of the impacts as-
sociated with each process. Since
each process can potentially require
many different inputs, an analysis
can quickly become quite complex.
The justification for carrying
out Fuel Chain Analysis on alter-
native energy options is that sub-
stantial environmental impacts
often occur in conjunction with
stages of the energy process other
than combustion. Many renewable
energy technologies are highly in-
tensive in material input, and the
associated environmental impacts
may weigh heavily. Fossil fuel pro-
cesses on the other hand embody
environmental impacts at the
mining or fuel extraction stage, as
well as in the disposal of waste. 
A realistic comparison of alterna-
tive means of supplying energy
thus requires that the whole chain
of processes, and the associated
environmental effects, be taken
into account.
The UNEP/SEI Fuel Chain
Analysis project represents one of
the first applications of this tech-
nique in developing country set-
tings. Case studies were selected to
give broad coverage of four im-
portant fuel chains: oil and gas
(Venezuela), and coal and biomass
(Sri Lanka). In each case, the new
tool was used to study the impacts
of fuel and technology choices in-
cluding the greenhouse gas emis-
sions of each fuel chain. 
The project demonstrated that
fuel chain analysis can be a useful
tool for evaluating the environmen-
tal consequences of fuel choice de-
cisions in a developing country
context. Fuel chain analysis forces
the analyst to draw explicit
boundaries around systems and
allocate impacts within and
between co- and by-products of
the energy system. These tasks 
are not necessarily simple or ob-
vious, but are nonetheless impor-
tant in forming rational energy
policies.
The results of the project were
recently presented and the tool de-
monstrated at the International
Symposium on Electricity, Health
and the Environment, organised
by a group of international agen-
cies, including unep, and hosted
by iaea in Vienna. The tool and
the case studies are fully described
by Lazarus et al. (1995)
Publications in 1995: 20, 28, 29, 30
Gordon A. Mackenzie and
Pramod Deo
Caracas street scene.
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The energy agenda has been domi-
nated in recent years by global en-
vironmental issues, in particular
the threat of rapid climate change.
Local and regional environmental
effects associated with energy pro-
duction and utilisation have re-
ceived comparatively little interna-
tional attention, with the excep-
tion of the acid rain problem.
Local and regional energy-related
environmental effects, such as air
pollution and land degradation
are already presenting serious pro-
blems, both in developing and
industrialised countries. With the
projected large growth in energy
consumption in the developing
world these effects are bound to
cause increasing damage to ecosy-
stems, agricultural land and crops
and human health.
Local, regional and glo-
bal environmental effects
cannot be considered in
isolation. Often the same
root causes contribute to
environmental degradation
at the different levels. Thus,
if the local environmental
threat is addressed it helps
alleviate the global pro-
blem.
TheWorld Energy Coun-
cil (wec) established Work-
ing Group 4c in the 1993-
95 studies programme to address
energy-related local and regional
environmental issues related to
energy, and in particular to provi-
de real practical experience in dea-
ling with these kinds of environ-
mental impacts and their causes.
The focus was on developing co-
untries and countries with econo-
mies in transition. The group was
chaired by Hans Larsen, Head of
the Department of Systems Ana-
lysis, and John Christensen and
Gordon Mackenzie of the UNEP
Centre acted as secretariat. The
participation of developing coun-
try members in working group
meetings was supported financial-
ly by Danida.
The working group brought
together a wide range of experts
from different national, institutio-
nal and professional settings.
Members contributed case studies
to the working group and these
case studies, along with a review
of the underlying environmental
issues, established the basis for the
report of the group, “Local and
Regional Energy-related Environ-
mental Issues” which was pub-
lished by wec in connection with
the Tokyo Con-
gress in October
1995.
The review of
local and regional
energy-related envi-
ronmental issues
focused on some of
the major environ-
mental problem
areas such as urban
air pollution, in-
door air pollution,
disturbance and
use of land, and
electromagnetic fields from, for ex-
ample, overhanging power lines.
The review concentrated mainly
on specific environmental impacts,
but also presented information on
key energy areas with multiple en-
vironmental effects, such as coal,
oil and transport. The themes of
the fourteen individual case stu-
dies are listed in the box. Three se-
lected areas are discussed below.
Indoor Air Pollution and 
Biomass Energy
Indoor air pollution in urban and
rural households associated with
the combustion of fuel for cook-
ing is a serious health problem in
many developing countries. It has
been estimated that 400 million
people, primarily women and chil-
E n e r g y  a n d  E n v i r o n m e n t :  L o c a l  a n d  R e g i o n a l  I s s u e s
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Q
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Q
Q
Q
Q
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Environmental issues of power production from
fossil fuels
Germany
Poland
Russia
Environmental issues related to hydropower
The Serra da Mesa hydropower plant, Brazil
The Saguling hydropower plant, Indonesia 
Environmental consequences of windpower
Electrification in rural areas, grid expansion and
transmission lines
Urban air pollution:
The Mexico City Metropolitan Area 
Motor vehicle exhaust in Greater Cairo
Biomass energy
Environmental implications of small-scale use 
of biomass
Large-scale biomass utilisation; the pulp and 
paper industry in Portugal
Impacts of energy scenarios on regional acidi-
fication
Environmental impacts of the oil and gas sector 
in Nigeria
Spontaneous combustion in Chinese coal mines
and its environmental impact.
dren are subjected to dangerous
levels of smoke in the home, with
serious health impacts such as
respiratory diseases and cancer.
The combustion of biofuels
contributes to a large part of the
indoor air pollution problem. The
smoke produced when biofuels are
burned contains a very large num-
ber of carbon-containing chemi-
cals, many of which are damaging
to health. The indoor air-pollu-
tion problem is widespread and
deeply ingrained in energy-use
habits in much of the developing
world, and far-reaching changes
will be required to alleviate it sig-
nificantly.
Partial solutions of the pro-
blems exist, for example, through
increased ventilation, improve-
ment of stoves, or changing cook-
ing patterns. One of the case
studies described by the working
group showed how improved char-
coal cooking stoves in Kenya
could provide such a solution.
This stove has better combustion
and heat transfer efficiencies, re-
sulting in reduced fuel consump-
tion for the same cooking use.
Urban Air Pollution
Air pollution in urban areas cau-
ses a variety of different types of
damage, but the impact on human
health is probably the most distur-
bing. Human beings are affected
by air pollution both directly,
through inhalation of polluted air,
and indirectly, through contami-
nation of drinking water and food,
and through skin transfer.
Often meteorological and
topographical factors aggravate
the situation, concentrating pol-
lutants in cities and preventing
their dispersion. Surrounding hills
can trap pollution, as can thermal
inversion layers in temperate and
cold climates. A classic example 
of this occurs in Mexico City, the
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subject of one of the case studies
covered in this work (see Figure 1).
In the Mexico City Metropoli-
tan Area (mcma) the urban air
pollution problem has evolved
from that of a typical “developing
country” city, dominated by SO2,
CO, lead and particulate matter,
to that of a “modern” city,
dominated by ozone formation
and photochemical smog. The
case study describes how air quali-
ty monitoring, modelling of pollu-
tant dispersion and analyses of
traffic patterns have provided a
comprehensive picture of the air
pollution situation in the mcma.
This has enabled possible solu-
tions to be examined in detail, such
as large-scale mass-transit sy-
stems, traffic management,
improvement of the vehicle fleet
and rearrangement of the traffic
pattern through staggered work
times.
The other urban case study
dealt with Cairo, where the
characteristics remain those of a
“developing country” city. Air
pollution is dominated by particles
and lead from vehicle emissions.
Impacts on human healthare a
serious concern.
The studies illustrate the im-
portance of tackling air pollution
in the rapidly growing urban areas
of the world. Early action is re-
commended as urban develop-
ment and increasing use of motor
vehicles can rapidly lead to a situ-
ation which is virtually out of con-
trol, necessitating the imposition
of difficult measures at a later sta-
ge. Many sessions at the wec
Congress highlighted this problem,
and transport will be an impor-
tant issue in the new studies pro-
gramme.
Hydropower
The exploitation of hydropower
can lead to a wide variety of envi-
ronmental impacts, particularly
when it involves the inundation of
land for a reservoir. These issues
were addressed in two separate
case studies, from Brazil and
Indonesia, each of which examines
one particular hydropower project.
The two studies complement each
other through the different set-
tings, environmental impacts and
different approaches. For example,
the Brazilian case is in an area of
relatively sparse population where
only a small number of settlements
were affected, while the Indone-
sian one involved a major resettle-
ment and compensation activity.
The 1200 mw Serra da Mesa
power plant is under construction
in the centre of Brazil and although
the area of the reservoir is planned
to be very large (1784 km2) only
4000 people will need to be relo-
cated. For this reason the environ-
mental impact assessment focuses
mainly on ecological issues.
Figure 1. Topography of the Valley of
Mexico and the direction 
of prevailing winds. N
Risø-R-874(EN)
25
The Saguling hydropower
plant in Indonesia is one of three
connected hydropower plants near
Bandung. Work on the Saguling
plant was initiated in 1981 and it
came into service in 1986. Since
the plant is situated in a densely
populated area with good soil and
developed agricultural systems,
the main issues of the environmen-
tal impacts are land compensa-
tion, resettlement and loss/creation
of jobs. Other issues are erosion,
public health and the problems of
aquatic weeds.
Conclusions
The working group provided an
opportunity to present a review of
relevant environmental effects
with a selection of case studies
illustrating both successful treat-
ment and problematic examples of
the environmental effects associat-
ed with energy. The case studies in
particular provide a broad body of
experience on energy-related envi-
ronmental issues on which to base
recommendations.
The importance of considering
local and regional environmental
issues alongside the global ones is
not new, but this multi-level view
is being increasingly re-emphasis-
ed. It emerged clearly from the
WEC Tokyo Congress that the
immediate policy priorities focus
on local and regional issues, espe-
cially for developing countries 
and countries in transition. There
is a general willingness to see pro-
blems in a more integrated man-
ner and expand interaction and
collaboration aimed at transfer-
ring technological and financial
resources.
Publications in 1995: 17, 18, 19
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development and reporting re-
quirements according to the con-
vention. The unep methodological
framework for national climate
change mitigation studies aims at
being part of such background
material.
International research efforts
The unep framework is closely
related to current international re-
search efforts on mitigating climate
change. A number of co-ordinated
international country study efforts
have developed and tested mitiga-
tion assessment methodologies.
Two of the main programmes are
the US Country Study Program-
me and the UNEP GHG Abate-
ment Costing Study. These studies
have developed guideline docu-
ments including common analyti-
cal structure, assumptions and
scenario concepts. The methodo-
logical frameworks and national
study results have been covered ex-
tensively in the Second Assess-
ment Report of the Intergovern-
mental Panel on Climate Change
where the Centre has participated
as lead authors. 
Until now climate change miti-
gation studies for developing
countries have been inspired pri-
marily by established models and
concepts in energy sector, agricul-
ture and forestry studies. This
means that CO2 reduction studies
have used existing energy system
models with specific details on
technical and economic constraints
in energy demand and supply. In
most cases forestry studies have
been carried out as detailed site
specific studies of carbon se-
C r o s s - s e c t o r a l  C l i m a t e  C h a n g e  
M i t i g a t i o n  A s s e s s m e n t  
f o r  D e v e l o p i n g  C o u n t r i e s
The UNEP Greenhouse Gas
Abatement Costing Study like the
majority of mitigation studies in
the first and second phases, finis-
hed in 1994, focused on CO2
reduction studies for the energy
sector. Climate change mitigation
is, however, developing more and
more from being a specific energy
sector issue to becoming a com-
prehensive economic and natural
resource development issue. This
process is supported by recent in-
ternational negotiations and by
experience gained in ongoing
studies for developing countries.
The UNEP Collaborating
Centre on Energy and Environ-
ment has conducted a combined
methodological and country study
project for unep in Phase Three,
focusing on a cross-sectoral climate
change mitigation assessment.
Cross-sectoral studies aim at as-
sessing emission reduction poten-
tials for all major greenhouse ga-
ses emitted by the energy sector,
industry, agriculture, forestry and
waste management.
A main methodological develop-
ment area in the third phase of the
UNEP Greenhouse Gas Abate-
ment Costing Study has been the
establishment of a methodological
framework and set of assumptions
for integrating sectoral studies.
The United Nations Frame-
work Convention on Climate
Change (fccc) is setting agenda
for international collaboration in
climate change activities. One im-
portant tool in establishing this
international collaboration pro-
cess is a methodological framework
defined for a national climate
change assessment to be used as a
background for national strategy
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questration for different forestry
projects. Agricultural studies have
been more limited but as in the
case of forestry studies, have
focused primarily on a detailed
assessment of greenhouse gas emis-
sion connected to specific crops or
livestock.
The comparability of these
different sectoral modelling results
have been limited and the ipcc Se-
cond Assessment Report has ther-
efore recommended that one of
the future priority research areas
should be to develop a framework
for cross-sectoral comparability.
Specific methodological issues
connected to the case studies for
Venezuela and Zimbabwe
The case studies of Venezuela and
Zimbabwe are further develop-
ments of the CO2 mitigation
studies for the energy sector con-
Reduction option Sector Greenhouse gas Zim$/ton CO2
1. New ethanol plant Transportation CO2 -1,232.6
2. Tillage Agriculture CO2 -1,046.3
3. Efficient lighting Energy CO2 -543.0
4. Geyser time switches Energy CO2 -171.9
5. Coal bed ammonia Mining CH4 -159.9
6. Methane from sewage Waste water CH4 -135.9
7. Prepayment meters Energy CO2 -107.3
8. Coke oven gas for Hwange Mining CO2 -104.5
9. Efficient motors Energy CO2 -99.3
10. Efficient boilers Energy CO2 -23.0
11. Savings in industry Energy CO2 -14.0
12. Efficient tobacco barns Energy CO2 0.1
13. Pine afforestation Forestry CO2 9.9
14. Biogas from landfills Waste management CH4 24.4
15. Efficient furnaces Energy CO2 47.5
16. Biogas for rural households Energy CO2 48.0
17. Hydro power Energy CO2 65.1
18. Solar geysers Energy CO2 161.9
19. Central PV electricity Energy CO2 564.4
20. Power factor correction Energy CO2 6,687.0
21. Solar PV water pumps Energy CO2 27,566.3
Note: US$ 1  =   ZIM$ 8.2. CH4 emissions have been transformed to CO2 equivalents using 
a Global Warming Potential factor of 24.5.
Table 1. Margi-
nal reduction
costs for GHG
emission reduc-
tions in Zim-
babwe in 2030
(Zim$ per ton
CO2 equiva-
lent).
Q
Q
Q
ducted as part of the Phase Two 
of the UNEP  Greenhouse Gas
Abatement Costing Study. The
two country studies have aimed at
improved macroeconomic asses-
sment and expansion with new
sectors and greenhouse gases.
Macroeconomic assessment
Mitigation assessments typically
address a long time horizon cover-
ing at least 20 years. Such a period
is preferred in order to reflect the
long capital stock lifetime in main
greenhouse gas emitting sectors
and the long term nature of the
climate effect. The long time
horizon, however contrasts with
existing national economic and
social development plans which
typically address five- to ten-year
periods. The availability and
quality of statistical data is at the
same time poor in many develop-
ing countries and in this way pro-
vides a very limited background
for constructing long-term base-
line scenarios.
The macroeconomic assess-
ment in the case studies of
Venezuela and Zimbabwe has ther-
efore focused on short term proje-
ctions and development
constraints which could be im-
portant to future trends in major
greenhouse gas emissions and 
for the implementation of
mitigation options. Some of the
main issues addressed are:
Relationship between main
economic sectors and
emissions.
Assessment of how invest-
ments in improved production
efficiency in the main econo-
mic sectors can be combined
with mitigation strategies.
Foreign exchange and capital
constraints.
Greenhouse gas mitigation options
will in many cases be “win-win op-
tions” where the mitigation cost is
less than the value of saved energy
or the increased production in in-
dustry or other sectors. This simply
reflects the present old and ineffici-
ent state of production plants in
the countries. These “win-win op-
tions” can, however, be difficult to
implement because they will face
the same “general barriers” as in-
vestment in new production plants
already does in the countries. Ex-
amples of such win-win projects
for Zimbabwe are assessed to exist
in leading growth sectors like
manufacture and construction.
These sectors currently use out-
dated production equipment, and
large investment projects are likely
to be undertaken in the coming
five to ten years. The challenge is
to exploit the possibilities for com-
bined mitigation projects and
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Forestry assessment
Traditional forestry analysis has
often been a very detailed techni-
cal analysis of management prac-
tices, species or crops. Such ana-
lyses provide important technical
background information but do
not fully address all import issues
connected to the economic and
social development context,
opportunity cost and implementa-
tion areas. 
The Venezuela study includes a
detailed assessment of forestry
projects for the two project cate-
gories: (1) management of existing
forests to avoid or reduce carbon
emission; and (2) management 
for expanding forest cover in the
country.
The methodology of the fore-
stry study for Venezuela focuses
on site-specific assessment. The
project cost is measured according
to the Endowment Method. The
total net cost of carbon stored in-
cludes the net opportunity cost of
the land used for the project and
an endowment sufficient to cover
the establishment of the project
and the expenses and incentives
for its ongoing operation, includ-
ing maintenance, management
and monitoring, sufficient to
assure the sustainability of the
project and its carbon storage.
The carbon savings are calculated
as the total accumulated storage. 
For Zimbabwe the assessment
of forestry options has been a
broader discussion of opportunity
cost and implementation barriers
in the context of the official plans
of the Zimbabwean Forestry Com-
mission. It is concluded that the
cost assessment for forestry pro-
jects in addition to the direct land
and maintenance cost should in-
clude an assessment of long term
development trends in opportuni-
ty cost as a reflection of the
economic sustainability of the
projects. Forestry projects should
at least supply a surplus larger or
equal to other competing land use
activities, and this surplus needs to
be shared with the local indigenous
population that could use the land
resources for other activities.
Methodological conclusions
The studies for Venezuela and
Zimbabwe have highlighted some
important methodological com-
plexities in cross-sectoral assess-
ment including:
Limited statistical background
and appropriate macroecono-
mic models for constructing
consistent baseline scenarios.
Integration between a broad
number of economic and so-
cial development issues and
the implementation of mitiga-
tion options. Energy efficien-
cy improvements will in many
cases meet the same barriers
as general economic develop-
ment in the countries, and
options related to land use
activities will be even more
difficult to implement due to
unsolved land allocation pro-
blems. This means that the
measurement of direct project
costs addresses only part of
the project requirements.
Carbon savings obtained in
forestry projects have diffe-
rent time horizons than
energy sector options which
means that assumptions need
to be made about the time
value of carbon if project
costs are to be directly
compared.
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general investment activities.
In Venezuela and Zimbabwe
agriculture and forestry are key
economic sectors as well as green-
house gas emission sources. Main
sources in these sectors are CO2
emissions from land clearing and
degradation and CH4 emissions
from livestock. For these sources
mitigation options will be inte-
grated with efficiency improve-
ments in the sectors connected to
increased mechanisation, fertili-
sers, efficient breeding and land
distribution. Despite price and
market conditions, these efficiency
factors are difficult to relate
directly to macroeconomic devel-
opment.
A general equilibrium model
has been developed for Venezuela
to study alternative policy schemes
including carbon taxes and invest-
ments in energy efficiency im-
provements. A new sector includ-
ed in the Venezuela study is
forestry, and in the Zimbabwe
study new sectors are waste
management, agriculture and fore-
stry. As already stated, the con-
struction of baseline and mitiga-
tion scenarios for forestry and
agriculture is complicated because
future development trends will 
be closely integrated with a large
number of social and distribution
aspects of land use management.
The Phase Three study for
Zimbabwe has more specifically
included two new CO2 reduction
options for the energy sector,
namely efficient lighting and
ethanol production for transpor-
tation fuels in addition to the
methane options coal bed ammo-
nia and sewage methane. These
options are shown in order of
merit together with the options
already included in the Phase 
Two country study shown in Table 
1. The introduction of these op-
tions expands the negative/low
cost area of the emission reduc-
tion potential.
Q
Q
Q
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The UNEP Centre (ucc) has been
involved in a number of collabora-
tive project activities in Latin
America in 1995. These have been
at local, national and regional le-
vels, as described below. In 1996 a
number of new national and sub-
regional activities will be initiated
in the region with focus on capaci-
ty building in support of the im-
plementation of the Climate Con-
vention.
Joint Seminar with OLADE
Several international activities and
bilateral programmes have been
established to support national
climate change mitigation and
vulnerability studies in the Latin
American and Caribbean coun-
tries. Through the unep ghg
abatement costing study the Cen-
tre has been collaborating with
country teams in Brazil and
Venezuela on national mitigation
analysis, and new collaborative
projects are under preparation with
Argentina, Ecuador and Peru. 
Despite the large number of
countries involved in analyses re-
lated to climate, limited regional
interaction between country teams
has taken place. Apart from the
regional workshops organised in
the context of the US country
studies programme, national
studies have been carried out very
individually with no major inter-
country contacts on data and
methodological experiences.
The Centre convened jointly
with the Latin American Energy
Organisation (olade), a Latin
American and Caribbean Seminar
on Energy and Environment, with
olade’s activities and program-
mes. The participants agreed that
national studies, especially in the
areas of ghg inventories and miti-
gation analysis, should take more
advantage of the methodological
developments in energy planning
already carried out by olade.
These will include more extensive
use of the Energy-Environmental-
Economic Information System,
the energy balance concepts, and
specific energy demand forecasting
tools in combination with the
methodological guidelines develop-
ed by the Centre in the UNEP
Greenhouse Gas Abatement
Costing Study.
The second part of the seminar
focused on the presentation of spe-
cific programmes and actions un-
dertaken by national oil companies
in Colombia, Ecuador, Mexico and
Venezuela on preventing or repair-
ing damages associated with oil-
related activities in their countries.
The legal frame and institutional
setup adopted by these countries
were also presented at the seminar. 
The major recommendation
from the seminar was on the
strong need for establishing colla-
borative linkages between the
national teams to promote regio-
nal co-operation, where olade is
called on to play a catalytic role. 
A second regional seminar con-
vened by olade will take place in
La Havana later 1996. The Centre
expects through its planned regio-
nal activities to enhance and
strengthen Latin American and
Caribbean collaboration. These
activities will also include sub-re-
gional assessments, and co-ordi-
nation and dissemination of natio-
nal experiences. 
the aim of providing national
teams with an appropriate forum
for exchanging experience, high-
lighting methodological questions,
and identifying gaps for further
research and development The
seminar was hosted by the
Ministry for Energy and Mines 
of Colombia from 28 to 30 Novem-
ber 1995. Over 60 participants
from 15 countries of the region
attended the event. The seminar
was supported by the state oil
companies from Colombia (eco-
petrol), Mexico (pemex) and
Venezuela (pdvsa).
The first part of the seminar in-
cluded the presentation of natio-
nal inventory and mitigation stu-
dies. A presentation from the Cen-
tre on methodological issues and
on the result of the UNEP Green-
house Gas Abatement Costing
Study supplemented the country
presentations. 
The experience from accom-
plished and ongoing national stu-
dies are that many conceptual and
methodological questions still
need to be answered. These inclu-
de the design of reference energy
systems, a methodological fram-
ework for cross-sectoral analysis,
macroeconomic impact assess-
ment, implementation aspects and
the broader policy evaluation.
It was also concluded that
more attention in the future should
be given to the assessment of joint
regional mitigation activities be-
cause many options identified in
national studies will have inter-
regional links. 
The seminar stressed the need
for close co-operation among the
national teams and recommended
this to be structured in relation to
C o l l a b o r a t i v e  A c t i v i t i e s  i n  L a t i n  A m e r i c a
Risø-R-874(EN)
29
The study includes a detailed
assessment of three possible mea-
sures to control ghg emissions
from industrial boilers. The opti-
ons are improvement of preventive
maintenance, recovery of residual
heat, and fuel switching to natural
gas. A highly disaggregated indus-
trial survey has been carried out
by the Ministry of Energy on ope-
rating efficiencies, age distribution,
capacity ranges and type of boilers.
A multi-sector general equili-
brium model has been implemen-
ted to assess macro-aggregates like
sectoral outputs, balance of pay-
ments, employment, energy de-
mand, and CO2 emissions result-
ing from the adoption of specific
policies. Alternative policy changes
analysed in the study are: i) an
energy price increase brought
about by increasing indirect taxes
on oil products; ii) new invest-
ments in energy efficiency in the
industrial sector; and iii) tax in-
creases on oil products combined
with an increase in energy-efficien-
cy investments. 
Although the study represents
a step further in the complex issue
of climate change mitigation ana-
lysis, the experience shows that a
large-scale effort is still required in
order to develop and implement
both a comprehensive cross-secto-
Mitigation Assessment for Venezuela
A cross-sectoral assessment of mi-
tigation options for Venezuela has
been undertaken by the Directo-
rate of Energy Planning at the Mi-
nistry for Energy and Mines with
financial support from unep and
advisory and technical back-up
from both the UNEP Centre and
the Lawrence Berkeley Laborato-
ry. The study, conducted in the
context of the unep ghg Abate-
ment Costing Study, aimed at a
further development of the metho-
dological guidelines developed un-
der Phase ii of the unep project.
The study includes a detailed
assessment of three abatement op-
tions: forest management, the re-
duction of flaring and venting of
associated natural gas, and effici-
ency improvement of industrial
boilers. In Venezuela, forest clear-
ing plays a very important role in
the carbon budget, accounting for
more than 40% of national CO2
emissions. The analysis shows that
forest protection and management
of the native forest represent the
two options with the highest car-
bon conservation potential and
the lowest carbon unit cost. 
The reduction of flaring and
venting of associated natural gas
represents an attractive solution
not only because of the high po-
tential for CO2 reduction, but also
because of the economic benefit
accrued to the oil extraction and
processing industry. However, va-
rious factors including the spatial
distribution of both the resource
and the potential markets, the
physical conditions of oil exploita-
tion, and the mismatch between
natural gas demand and supply
have prevented more extensive use
of natural gas. Three different
alternatives have been considered
as technical options to overcome
these constraints: multiphase
pumping, pipeline constructing,
and injecting gas into closed wells. 
ral methodological framework for
national ghg abatement studies
and a flexible approach for a broa-
der assessment of mitigation poli-
cies. The unep-gef project on
Economics of GHG Limitations,
expected to start early 1996, will
focus on such issues. 
Training Manual For Integrated
Resource Planning
The existing literature on demand-
side management (dsm) and inte-
grated resource planning (irp) is
considerable, but most material
has a clear focus on applications
in industrialised countries. There
are no teaching/training materials
available designed especially for
interested workers in developing
countries. Over the past years in-
formation has become available
on end-use analysis in some devel-
oping countries. Energy conserva-
tion programmes have been imple-
mented with varying degrees of
success in others. ucc found that
it would be useful to organize this
material in a format suitable for
use as an introductory workbook
to academic and professional au-
diences in developing countries.
A collaborative activity to de-
velop a workbook “Improving effi-
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The collaboration between the
UNEP Centre and ceest was un-
dertaken as a joint responsibility
in which the local knowledge and
experience at ceest was consider-
ed an equally important input.
The collaboration has operated in
a very satisfactory way through an
intensive exchange of information
and several working missions from
both sides providing an example
for future activities.
National studies and regional
collaboration in Southern Africa
Phase 1 of the Danida-funded
study “Climate Change Mitigation
in the sadc, national studies and
regional collaboration” was final-
ised in 1995. The aim of the pro-
ject was to extend the collabora-
tive experience with both the
Southern Centre for Energy and
Environment in Zimbabwe and
ceest in Tanzania to the sadc re-
gion. The Centres for Energy and
Environment in Botswana and
Zambia were the other institutions
involved in the project. 
In addition to the strengthen-
ing of collaboration and network-
ing among the national centres,
the focus of the project was to
examine the subregional interac-
tion and possible joint mitigation
activities. Technical options iden-
tified at both national and regio-
nal levels for the energy, agricul-
ture, transport and forestry sectors
are summarised together with
regional and individual country
overviews in the Phase I report.
Two regional seminars with the
participation of representatives
from relevant ministries in the
Climate change mitigation options
for Tanzania
A collaborative activity between
the UNEP Centre and the Centre
for Energy, Environment, Science
and Technology (ceest) has been
finalised during 1995. The colla-
boration was aimed at providing
ceest with advisory and technical
back-up under the National Study
on Climate Change Mitigation
Analysis. The study was underta-
ken by the Ministry of Tourism,
Natural Resources and Environ-
ment with financial support from
the German Agency for Technical
Cooperation (gtz). 
The UNEP Centre involvement
in the study was focused on provid-
ing the ceest team with methodo-
logical guidance, and analytical
approaches and concepts along
with recent relevant literature on
the key issues of mitigation analy-
sis. The methodological guidelines
on abatement costing developed by
the Centre, provided both the back-
ground elements for outlining the
main components of the study and
a comprehensive framework to gain
insights and a better understanding
of the implications of different mi-
tigation strategies on the country’s
social and economic development. 
The analytical and strategic
aspects of the mitigation assess-
ment were the main topics addres-
sed along with the informal trai-
ning sessions and discussions held
with the study team. Special em-
phasis was put on the question of
selection of technologies and miti-
gation options and their integra-
tion in both the national develop-
ment objectives and the decision-
making process. 
C a p a c i t y  B u i l d i n g  
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ciency of energy services in de-
veloping countries: Tools and
Methods for Integrated Resource
Planning” was therefore establish-
ed with one of the leading experts
in the area, Prof. Gilberto Jannuz-
zi from the University of Campinas
in Brazil. This book is targeted to
students of post-graduate courses
in energy planning and to people
working in electricity utilities in
Brazil and other developing coun-
tries.
The workbook, which will be
finalised in 1996, takes a hands-on
approach to understanding and
using the tools of end-use energy
analysis in the context of Integrat-
ed Resource Planning in develop-
ing countries. It reviews the theo-
retical framework for end-use
energy analysis, the basic metho-
dologies currently being used in
designing strategies to integrate
supply options with demand-side
options, and tools to account for
the economic, environmental and
other social costs of energy con-
version and use.
The book will highlight realis-
tic examples and case studies, pro-
viding a practical, hands-on ap-
proach to solving problems related
to energy planning in developing
countries. Examples and exercises,
suitable for computer spreadsheet
solution and drawn from the aut-
hors’ experience in developing
countries, will accompany each
analytic section of the book.
The UNEP Centre will support
the publication of the first English-
language edition in 1996 while
Procel, the conservation subsidiary
of the Brazilian national utility
Eletrobras, has agreed to help fund
the Spanish and Portuguese edi-
tions. 
Publications in 1995: 13, 37, 38
Arturo Villavicencio, 
Jrgen Fenhann and 
Kirsten Halsns
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four countries were hosted by the
Southern Centre in Harare.
The next phase of this activity
will concentrate on the assessment
of the regional and national eco-
nomic consequences of implement-
ing abatement options, such as:
Effects related to larger regio-
nal investments in power
supply and transmission
systems and in the transport-
ation sector; and 
Effects at a more general
economic level that may have
implications on the relative
comparative strengths of pro-
duction sectors and countries,
as a consequence of imple-
menting abatement options
and regulation policies.
The regional analysis will be inte-
grated in the unep-gef project on
Economics of GHG Limitations
which is expected to start early
1996, and additional support for
national capacity building and
training activities is expected from
danida. 
U.N. Climate Change Convention
Reporting for Burkina Faso
The Centre is responsible for a
danida-supported national capa-
city building programme in Burki-
na Faso. This project was started
in February 1995 and will conti-
nue into 1996. The project aims to
assist the Burkina Faso Govern-
ment in building sufficient indige-
nous capability to establish the
initial reporting to the UN Frame-
work Convention on Climate
Change. 
Main activities have so far con-
centrated on collecting the neces-
sary information for developing a
reliable database on anthropogenic
sources and sinks of ghg emis-
sions. A preliminary inventory of
ghg emissions has been establish-
ed for 1990. Figure 1 presents the
main findings of the inventory
which show the overwhelming con-
tribution of land use and forestry,
and agricultural activities to ghg
emissions. The persistent destruc-
tion of the forest resources and
land degradation are the major
environmental and economic
threats Burkina Faso is confront-
ing today. Therefore, responses to
climate change issues can generate
a wide range of benefits at both
national and local levels which
may be even more important to lo-
cal development than their effects
on ghg reduction. 
Planned activities under the
project will emphasise on the vul-
nerability analysis of the regional
and local ecosystem, and the adap-
tation measures needed to cope
with the climate change impacts
that may follow from increasing
concentrations of ghgs in the
atmosphere. In this context, a col-
laborative effort with the Institute
of Geography at the University of
Copenhagen has been established
under the Sahel-Sudan Environ-
mental Research Initiative (serein)
of the Danish Environmental
Research Programme. The colla-
boration aims to make use of re-
mote sensing techniques for assess-
ing ghg emissions from savannah
fires and land-use changes. 
Publication in 1995: 6
Jrgen Fenhann and
Arturo Villavicencio
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Atmospheric dispersion is one of
the aspects to consider when as-
sessing the possible consequences
to people and the environment in
case of an accidental release of
toxic or flammable gases. During
the last two or three decades
models have been developed to
predict the dispersion of hazard-
ous gases and experiments were
carried out to validate these
models. 
Over the past few years the
European Commission has come
to emphasis the importance of
model quality and validation, e.g.,
through establishing special expert
groups and guidelines for model
development and evaluation. The
rediphem project (Review and
Dissemination of Physical Effect
Models) has been contributing to
this aspect by making available se-
veral sets of experimental data
and by reviewing newly developed
models in the area of dense gas
dispersion. 
rediphem, finalized in Decem-
ber 1995, was a cec-sponsored
project jointly carried out by tno
(Netherlands) and Risø. Risø’s
task has been to collect the experi-
mental data on dispersion of toxic
or flammable gases in the atmos-
phere, to review this data and to
make them easily accessible for,
e.g., model validation purposes.
The experimental data originated
from a large number of field test
campaigns as well as from various
wind tunnel simulations of the at-
mospheric dispersion, specifically
of gases denser than air. 
Figure 1 shows an example of
data as included in the rediphem
database: data from fladis trial
no 009. The graph on top displays
R e v i e w  a n d  D i s s e m i n a t i o n  o f  
P h y s i c a l  E f f e c t  M o d e l s
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the output of a wind-direction
vane, the graphs below display the
ground level concentration at a
crosswind array 70 m downwind
of the source. The 4 sensors are 10
m apart: as the wind direction
slowly changes from 280° to 310° ,
the plume moves from left (sensor
displayed at the bottom) to right
(sensor displayed on top). 
The rediphem database is
organized in pc-files containing
different kinds of information:
The description of experi-
ments is divided into quan-
titative release specifications,
meteorological conditions
and comments in text files;
The instrumentation is de-
scribed by lists of sensor posi-
tions and text files describing
the signal types and sensor
characteristics;
The actual measurements are
represented by time series.
Risø-R-874(EN)
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Figure 1.
The value of experimental infor-
mation is a combination of the
general usefulness of the data and
the measurement quality. 
The usefulness is an aspect
which can be judged only in rela-
tion to theory or specific model
predictions, and it is left to the
data user to decide whether or not
the experiments contain the neces-
sary information for his analysis.
However, the quality of the mea-
surements has been considered,
and most data with obvious severe
problems have been omitted from
the database. Data with less severe
deficiencies is included without
corrections, but the general
measurements quality and typical
errors of the sensor are described.
The rediphem database has
been used to compare the measu-
red data with predictions from a
few simple models that predict the
dispersion of continuously releas-
ed gas in the atmosphere in case of
an accident. The main aim of this
exercise has been to find the best
method to rank the performance
of these types of models. 
Two options for such an evalua-
tion exercise were investigated.
The first is based on using all avail-
able data paired in time and space,
leading to almost 12000 30-s
averaged data pairs for the field
data and 16000 data pairs for the
wind-tunnel data. Figure 2 shows
the comparison of the predictions
made by one of the models (the
model proposed by Britter and
McQuaid) with the experimental
data from field trials. Each data
point in Figure 2 represents a 30-s
averaged concentration signal at a
specific position downwind from
the source. The dashed lines indi-
cate a factor of 2 deviation from
perfect agreement.
For the second option, prior to
the comparison with the model
predictions, the maximum concen-
tration at a certain downwind di-
stance together with the plume
width is derived from the data.
These maximum concentrations
are then compared with the model
predictions for the plume centre
line. Although the ranking of the
models is the same irrespective of
the option, it is concluded that for
these simple models, which cannot
reproduce all features of the expe-
riments such as release height and
the misalignment between jet
direction and wind direction, the
second option based on the maxi-
mum concentrations leads to the
most consistent results, provided
one takes also into account a com-
parison of the plume width. 
Publications in 1995: 69,98, 99
Sren Ott and 
Nijs Jan Duijm
Project Type Substance Number of
time series
Burro Field test LNG 1419
Coyote Field test LNG 857
Tortoise Field test Ammonia 366
Eagle Field test N2O4 423
Lathen Field test Propane 1780
FLADIS Field test Ammonia 2564
TNO Wind tunnel SF6 404
Hamburg Wind tunnel SF6 4256
WSL Wind tunnel Argon, BCF 8092
All data 20161
Figure 2.
Overview of the
experimental
data contained
in the REDI-
PHEM data-
base. 
Measured concentration (ppm)
102 103 104 105
105
104
103
102
P
re
di
ct
ed
 c
on
ce
nt
ra
ti
on
 (
pp
m
)
Risø-R-874(EN)
34
In many countries a large number
of chemical plants are in opera-
tion involving the storage of
substantial amounts of hazardous
substances in warehouses. This
implies risks, and the consequen-
ces of chemical fires seem to be
one of the most important
hazards in that context. A number
of fires have actually occurred at
chemical warehouses, e.g., the fire
at Sandoz, Basel (Switzerland) in
1986. Chemical fires might gene-
rate very toxic combustion pro-
ducts which are dispersed with the
fire plume and might be harmful
to the humans exposed and the
environment.
To analyse fire risks the CEC
Environment program is funding
some projects. One of them is
entitled “TOXFIRE-Guidelines
for Management of Fires in
Chemical Warehouses”. The
project was initiated in 1993 for a
three-year period. The partici-
pants are South Bank University
(Great Britain), VTT – The
Technical Research Centre of
Finland (Finland), SP – Swedish
National Testing and Research
Institute (Sweden), Lund
University (Sweden) and FOA –
Swedish Defence Research
Establishment (Sweden), National
Environmental Research 
Institute (Denmark) and Risø
(Denmark). 
The objective of the project is
to develop the basis for two sets of
guidelines in relation to fires in
chemical warehouses. The first 
set is guidelines for the safety en-
gineers to be used in accident
prevention and the second set is
guidelines for the fire brigades to
be used if an accident nevertheless
occurs. Both guideline sets will be
the outcome of a detailed and
systematic study of chemical fires
supplemented by experiments
based on model compounds to
determine important properties of
the substances involved and
source characteristics and assess-
ment of parameters of importance
for fire scenarios. Also included
will be the consequences to
humans and the environment of
the chemical fire.
Simulating chemical fires at Risø
Risø simulates chemical fires on a
small scale in the laboratory. The
experiments are carried out in a
din 53436 furnace and the
combustion products are analyzed
by means of Fourier Transform
Infrared Spectroscopy. In Figure 1
an example for a recorded ir spec-
trum is shown. It shows the com-
bustion products of cnba and
how the concentration of the
products is changing during the
combustion experiment.
During the last two years, a
number of different substances,
e.g., polymers and pesticides have
been investigated. In 1995, experi-
ments were made using 4-chloro-
3-nitro-benzoic acid (cnba) and
Tetramethylthiuram monosulphi-
de (tmtm). The former is an aro-
matic compound containing chlo-
rine and nitrogen. The latter con-
tains sulfur and nitrogen. cnba is
used in the chemical industry as
an intermediate in dye production
and tmtm is used in the rubber
industry as a vulcanizer. The
simulation of the fire course was
established by using six different
scenarios for each substance,
varying from full to poor ventila-
tion and using different tempera-
tures.
An example of the findings is
that at high temperature cnba
burns generating a thick black
soot, and small flames flash up in
intervals. Under fully ventilated
conditions the combustion gases
contain high concentrations of
hydrogen chloride and different
nitrogen oxides. But also the 
very toxic hydrogen cyanide is
observed. At a low temperature of
about 500° c cnba does not 
burn and evaporates unchanged.
Parts of cnba might therefore
survive a fire. cnba was also
tested by our partner from The
Swedish National Testing and
Research Institute in a large-scale
test. Here cnba gave some
problems: it was very difficult to
ignite, and after burning normally
for a while and generating a lot 
R e l e a s e  o f  T o x i c  G a s e s  
f r o m  F i r e s  i n  C h e m i c a l  S t o r e s
Risø-R-874(EN)
of soot it suddenly flashed up. 
The situation apparently got
under control, however after a
short while the fire flashed up
again. The cause of this flash up
has not been clarified at the
moment, but the substance and
conditions will be investigated
carefully to find an explanation.
tmtm on the other hand is
decomposed under both high and
low temperatures and all ventila-
tion conditions. Apart from other
compounds the combustion gas
contains high concentrations of
sulfur dioxide.
The findings are in agreement
with the following pattern: at high
temperatures (at about 900° c) the
investigated chemicals are almost
completely burned, producing
inorganic gases, as e.g., carbon
dioxide, hydrogen chloride and
sulfur dioxide. At lower tempera-
tures (at about 500° c) the sub-
stances might partly survive a fire,
and depending on the fire condi-
tions, partly be converted into
other organic products, which
might be very toxic.
Importance for fire safety
The two examples illustrate the
importance of the fire simulations.
The simulations provide informa-
tion on the burning characteristics
of the substances and the com-
position of the fire products. 
Such findings are essential for fire
brigades, as it will improve their
possibilities for controlling
chemical fires, and provide assist-
ance in order to select appropriate
fire protection measures. These
guidelines will be established
during 1996 and a final report will
be completed at the end of that
year.
Publications in 1995: 71, 72, 87,
119, 123, 124
Frank Markert
Figure  1.  
The FT-IR spectra for a combustion
experiment of CNBA at 900° C and
reduced ventilation. The experiment
takes about 1 hour and about 350
spectras are recorded.
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R e l i a b i l i t y  A n a l y s i s
The work within the field of relia-
bility analysis comprised research
and development as well as practi-
cal applications of reliability ana-
lysis methods.
The research and development
work was concentrated on non-
probabilistic analysis methods and
functional modelling.
Two projects concerned the
practical application of methods
for improving wind turbine safety:
One of these, under a Danish
energy research programme – a
efp-94 project - deals with estab-
lishing a methodology for analys-
ing the reliability of the safety sy-
stems of wind turbines and a data-
base with reliability data for wind
turbine components and equip-
ment. The other is an eu project,
joule iia, which provides recom-
mendations for assessing wind
turbine safety.
Non-probabilistic Methods 
Non-probabilistic methods of
reliability, safety and uncertainty
analysis were investigated. They
are considered as perspective
directions of research. The main
argument is that the conventional
mathematical tool based on pro-
bability, is too restrictive, enabling
only a part of the useful informa-
tion over reliability and safety of
objects to be formalised, while the
rest of the information like fuzzy,
subjective, non-specific is unused
or used in an incorrect way. Also,
an uncertainty analysis within the
frame of the conventional theory
handles only one type of uncer-
tainty without considering the
others and leads us to be sceptical
of numerical reliability and safety
characteristics.
The works carried out in this
direction are the following:
The fuzzy approach and pos-
sibility theory were imple-
mented for reliability analysis
of robots operating in hazard-
ous or disordered nuclear
environments
The usefulness of the
Dempster-Shafer theory of
evidence for reliability ana-
lysis in the case where the
data are non-specific was
demonstrated
In the light of the Dempster-
Shafer theory the concept of
risk was reconsidered
An approach was developed
to analyse reliability on the
basis of generic data and built
on the concepts of “analogy”
and belief functions.
Functional Modelling
The idea behind Functional
Modelling is that there exists an
intention behind the design, con-
struction and use of any human-
made system. The intention can
be expressed in terms of the sy-
stem’s goals, the systemís functions
to attain those goals and the sy-
stem’s components to realise those
functions. The prime objective of
the Functional Modelling tech-
niques is to describe a human-made
system by identifying its goals and
its functions. This objective differs
from that of traditional modelling
methodologies, which focus on the
components of a human-made
system.
The activities involving Func-
tional Modelling have concentrat-
ed on two projects: 
1) Identification and prediction
of failures in process control
systems, which due to their
dynamic nature and their
control action often are able
to hide failures. The results of
this project will be presented
as a Ph.D. thesis.
2) Identification of hazards in
process plants by considering
such plants as socio-technical
systems, and hence to include
technical, human and organi-
sational aspects in the task of
hazard identification. The
working title of this project is
tomhid.
The EFP-94 Project on the Safety
Systems of Wind Turbines
The EFP-94 project is carried out
in a cooperative effort between
Risø National Laboratory (Sys-
tems Analysis and Meteorology
Research Departments), bonus
Energy a/s, nordtank a/s and el-
samprojekt a/s.
The primary purpose of the
project is to establish a practical
tool to be used by the manufac-
turers and authorities for analys-
ing the safety systems and identi-
fying possible weak points in
them, thereby effectively facilitat-
ing an improvement of the safety
of the wind turbines.
The methodology for the ana-
lysis of the reliability of the safety
systems of wind turbines was based
on a series of Risø’s reliability
Q
Q
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computer programs, calculating
the reliability characteristics of the
safety systems.
A fault tree data file is prepared
on the basis of a Cause-Conse-
quence diagram. Such a diagram
depicts the event sequences lead-
ing to a selected unwanted condi-
tion, the so-called top event of the
analysis, in this case overspeed of
the wind turbine rotor. This dia-
gram is constructed on the basis
of the documentation for the safe-
ty systems. 
The basic event data file con-
tains a list of all component failure
modes included in the fault tree.
The database automatically takes
the relevant empirical data charac-
terising failures of the respective
components, calculates the ap-
propriate failure data and inserts
them into the basic event data file. 
A preliminary version of the
database has been established. Its
characteristics take advantage of
the graphical features of the wind-
ows software with simple ways to
view and process information. It
also provides extensive querying
and connective facilities, and it is
possible to use one query for work
on data stored in different formats
and locations. Further, it enables
the automating of most tasks easi-
ly without the need for program-
ming. 
The software associated with
the database consists of two parts:
the first is the database itself with
tables, queries, results, macros and
calculation routines for simple
data analyses and the second are
the reliability computer programs. 
A series of possibilities are pre-
sented to the user in order to pro-
vide required information and for
asking questions on the number of
failures which have occurred with-
in a certain subsystem or in a spe-
cified component, failure causes
and consequences.
In addition, a series of choices
between calculations are presented
to the user like the evaluation of
the probability of overspeed of the
rotor or of the failure of a given
subsystem. Further, a list can be
provided of the failure modes do-
minating the occurrence of the top
event or the failure of specified
subsystems in order of their proba-
bility. Furthermore, specified relia-
bility characteristics can be calcu-
lated like frequency, consequence
or duration of specified events.
Figure 1 shows the main menu.
By means of this the user can cho-
ose between data editing and vari-
ous kinds of analyses. Figure 2
shows an example of a presenta-
tion of results: The repair time and
number of failures experienced
over a certain period of time are
presented in a table and in column
diagrams for two different sections
of the wind turbine safety system. 
The database will be continual-
ly updated with data concerning
the component failures experi-
enced on the basis of the work
sheets completed by the repair
crew. For each work report a
record will be entered into the da-
tabase containing the respective
codes for component, failure
mode, subsystem, failure cause
and date of occurrence.
During the work, project areas
were identified where further
research is required, for instance
on the completeness of event se-
quence models and the calculation
of the probability of occurrence of
event sequences containing high
probability events, based on cut
sets. 
Publication in 1995: 89
Igor Kozin and
Hans E. Kongs
Figure 1.
Figure 2.
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plant. Repairs, inspections and
overhauls of equipment are usual-
ly done at specific time intervals,
when the plant is down for refuel-
ling. These processes generally
follow a pattern of increasing com-
plexity, depending on the operating
times accumulated by the system.
The physical environment in
which the equipment operates may
have serious detrimental effects on
the complex mechanical and elec-
tronic components of the equip-
ment. High temperatures, high vi-
bration, high humidity and the pre-
sence of radiation all take their toll.
The nuclear power plants in
the Nordic countries have establis-
hed a common database to which
all repairs on components are re-
ported. Fourteen nuclear power
blocks in Sweden and Finland
contribute to this common data-
base. A database containing re-
ports from safety-related failures,
the so called Licensee event
reports, is also  established as a
common database. These data-
bases are used mainly for calcula-
ting the reliability of the compo-
nents involved in safety studies in
order to increase the overall safety
of the plant. 
The aim of the present work is
to develop methods based on the
use of the database for aging and
maintenance assessments of the
components, since obviously
maintenance is a requirement for
safety and efficiency.
To extract the relevant informa-
tion some issues need to be discus-
sed:
How to define high quality
maintenance 
How to measure high quality
maintenance
Which data are available for
the purpose
How should the results be pre-
sented to the different users. 
In nuclear power plants safety
plays an important role so one
strategy used for maintenance
planning is to keep the mainten-
ance cost as low as possible con-
sistent with the highest level of
safety.
To accomplish this a combina-
tion of high quality components
and excellent repair work is requi-
red, with preventive repairs carri-
ed out at the optimal time. 
The following is a list of possi-
ble indicators for high quality ma-
intenance:
A  M u l t i  U s e r  I n f o r m a t i o n  S y s t e m  C o n c e r n i n g  
A g i n g  a n d  M a i n t e n a n c e  A s s e s s m en t 
When process plants get older, the
equipment reaches an age where
the observed failure rate may devi-
ate from those predicted, since the
equipment may experience aging
problems. Consequently the plan-
ning should be reviewed with the
purpose of re-optimization keep-
ing safety and productivity.
Risø participates in a research
programme in this area. The work
is a part of the Nordic Nuclear
Safety research programme nks
and the project is done in collabo-
ration with Sydkraft, Barsebäck,
Swedish Nuclear Inspectorate
(ski), the data base office (tud)
and Delft Technical University. 
Nuclear equipment, e.g., safety
systems, are complex, high tech-
nology systems that must operate
for long periods without serious
failure and with a very long total
life. A great amount of redundan-
cy and diversity is used in nuclear
facilities to ensure the safety of the
Figure 1.
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The repair rate is comparable
with other identical compo-
nents from other manufac-
turers
The repair rate is comparable
with identical components on
other nuclear plants
The number of early failures
following repairs is low
The number of unplanned
repairs is low
The relation between prevent-
ive and corrective repairs is
reasonable
The failure rate is not increasing 
The time used for maintenance
is not increasing
The unavailability due to
repairs is low
One important issue is the dis-
crepancy between the userís needs
and the information available. A
failure report contains informa-
tion about the failure and the re-
pair, as well as a classification of
the failure type. The classification
describes how the failure was de-
tected, the failure effect, what has
been done during repair and the
failure type.
To treat the information in the
reports a computer program is de-
veloped. The program does all the
necessary  statistical work. The in-
terface of the program is shown in
Figure 1.
The main idea behind the de-
sign of the program is the possibi-
lity of pooling data from selected
process plants, from selected com-
ponents, selected failure modes
and selected time intervals. This
possibility enables the user to sele-
ct the plant in question, pool data
from several plants and compare
the results. A large number of
graphs can be retrieved to be able
to elicit a problem. The system of
graphs can be used as a hierarchi-
cal system where the user starts
with an overview graph and then
dives deeper and deeper into an
indicated problem.
The graph in Figure 2 shows
for one plant the number of failu-
res per year for a system of three
pumps. It also shows the number
of these failures which appear less
than 3 months after the last repair.
This is one of the graphs where
the number of early failures can be
seen. The interval for detecting
early failures can be selected too.
The graph in Figure 3 present so-
called subsurvival functions. The
curves are two survival plots, whe-
re one shows components ending
their operating period in a preven-
tive repair and the other the com-
ponents ending the period in a
corrective repair. This means that
the graphs show the probability
for the next repair to be detected
either as a corrective repair or a
preventive one. The steepness at
the beginning of the curves tells
about the number of early failures
occurring after repair.
In this pump system the correc-
tive repairs are dominant, so that
there is a high probability that a
given repair will be a corrective
one. The interpretation of the re-
sults and the question about chan-
ging components or changing ma-
intenance plans require a know-
ledge of the systems that the users
are expected to have.
Publications in 1995: 100, 101
Jette Lundtang Paulsen
and Joan Dorrepaal
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An accident raises questions like:
how did it happen, was it equip-
ment failure or human error, or
was it avoidable? In addition to
caring about losses and other con-
sequences, it is essential to draw
knowledge out of it, formulate ex-
perience for use by hardware de-
signers, system designers and risk
managers. The area dealt more
specifically with in this work is the
extraction and eventual use of
accident knowledge for emergency
preparedness.
membrain is an eureka project
running 1993-1998 with nine Eu-
ropean partners. The aim of the
project is to define and implement
a standard European software and
hardware platform for Major
Emergency Management. The
present work, which is a part of
the membrain project, covers the
following activities:
systematically extracting and
presenting accident knowled-
ge from a large selection
(totally 20-25 cases) of acci-
dents, representing the main
accident types
developing models to support
both the case work and the
later structuring of the ex-
tracted knowledge for train-
ing purposes
devise a formulation of the
general accident knowledge
collected that can function in
a scenario generator or other
type of accident bank for
training use.
In 1995, the case study part with
19 cases has been finished and the
accident models have been formu-
lated including a set of generic ac-
cidents; in addition a training sce-
nario for use by the Norwegian Ra-
diation Protection Authority (Sta-
tens Strålevern) has been prepared.
Emergency managers and
emergency personnel generally
gather accident knowledge from
three sources:
personal experience
education and training
contingency plans and
procedures,
and the prevailing forms for repre-
senting accident knowledge are the
scenario and case story. When pi-
lots or nuclear reactor operators
are trained with training simula-
tors, these can reproduce malfunc-
tions and critical conditions in or-
der to train responses to selected
accident scenarios. Training of
emergency managers can be con-
ceived as an expansion in two di-
rections compared to traditional
simulator training: both the system
dimension and the accident dimen-
sion are stretched considerably.
Alternatively, emergency manager
training can be conducted with
emphasis on rehearsing the plans,
where the reactor or aeroplane is
substituted by “an emergency”.
To collect accident knowledge
for later transfer to a training
scenario generator, the first step
was to sketch a set of generic acci-
dents: a transport accident, a pow-
er plant accident, a processing
plant accident, etc. An example
would be transport of dangerous
substances – the same substances
are also met in processing and
storage, but characteristic for
transport emergencies, the volumes
handled can be smaller. However,
transport accidents can happen
anywhere on route,and correspond-
ingly affect several emergency teams.
As the second step, these gen-
eric accident descriptions were
structured and the resulting sche-
mes have been applied to 19 acci-
dent cases, among which are the
Seveso, Chernobyl and Bhopal ac-
cidents, the Scandinavian Star fer-
ry fire and the Herald of Free En-
terprise capsize. By the end of the
year, experience from this case
A c c i d e n t  K n o w l e d g e  a n d  E m e r g e n c y  M a n a g e m e n t
Scandinavian Star ferry fire.
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sufficient barriers, then the
accidental consequence be-
comes a fact. Vulnerable ob-
jects can be human beings,
environment and property.
The development of an accident
does not depend entirely on the
properties and quantities of the
substances involved. Structural,
operational and managerial factors
have also a large impact on the
transfer of energy. These are pic-
tured as “socio-technical condi-
tions” in the accident model, which
comprises all elements having an
influence on the accident course.
Another part represents the con-
trol efforts established, which can
be divided into hazard control and
emergency support. The reason is
that the control efforts have a dif-
ferent character before and after
the loss of confinement. As long
as the confinement is maintained
the control effort can be characte-
rised as hazard control implying
that safety functions and responsi-
bilities have been specified. If there
is a loss of confinement, creating
an ufoe, the emergency organisa-
tions and measures are activated.
Centered around the triad of
hazard source, ufoe and vulner-
able objects, a set of universal
emergency measures has also been
formulated. The six basic ways of
controlling or fighting ufoes
towards vulnerable objects are:
move these objects away from
ufoe; modify the energy; redirect
the flow; control the source; en-
capsulate the moving energy; estab-
lish a negative source. Examples of
negative sources are: leading spills
to the sewer – thus exporting the
problem to a different place – or
adding chemical agents that react
immediately with a dangerous
substance, producing substances
easier to handle.
Domain model
A domain model has been chosen
to provide a general framework for
representing the different accident
and emergency scenarios occurring
in society. A domain can be
characterised as a group of acti-
vities with allied goals and ele-
ments, e.g., transportation, chemi-
cal process plants. The domain
model consists of three main cate-
gories: 
The status contains the back-
ground information for de-
veloping accident and training
scenarios. Key elements are:
territory characteristics,
resources, process conditions,
systems control, organisation,
sources of information and
analysis methods.
Context contains the safety
and emergency characteristics
of the domain.  
Objectives and principles for
training are handled in the tird
category, which covers train-
ing objectives and training
process.
Birgitte Rasmussen and
Carsten D. Grnberg
work is being formulated, leading
to several minor adjustments of
the schemes. But a more general
result of the case work at this point
is that it has formed the back-
ground for making an accident
model. Adequate tools will be
needed for structuring and govern-
ing the transfer of accident know-
ledge between the sphere of risk
analysis and case studies on one
side, and the scenario-and-training
setup on the other. 
Modelling the emergency situation
An accident model has been devel-
oped to describe the emergency
situation. A key concept of this
model is uncontrolled flow of
energy (ufoe), essential elements
are the state, location and move-
ment of the energy (and mass). A
ufoe can be considered as the
driving force of an accident, e.g.,
an explosion, a fire, a release of
heavy gases. As long as the energy
is confined, i.e., the location and
movement of the energy are under
control, the situation is safe, but
loss of confinement will create a
hazardous situation that may de-
velop into an accident.
The accident model is explain-
ed as follows:
A confined amount of energy
can constitute a hazard source.
If sufficient energy is present,
the prerequisites for an acci-
dent are present.
Central factors of the acci-
dent model are confinement
and loss of confinement. Con-
finements involve containing
systems and control systems.
The combination of sufficient
energy and inadequate confi-
nement results in uncontrolled
flow of energy (ufoe).
If a vulnerable object is expos-
ed to an energy flow without 
Figure 1.  
Accident model
with uncontrol-
led flow of
energy
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quent exercises and drills, and
their optimising is not the goal of
the training supported by muster.
The goal of muster is rather
to develop advanced and efficient
means of supporting the co-ope-
rative training among the various
units forming the complete emer-
gency management organisation,
i.e., to train the co-operative
efforts among the decision makers
who are in charge of these units.
Even though the muster pro-
ject was defined as a paper project
that merely specifies an efficient
training system, these specifica-
tions were supported by the
development of two illustrative
prototypes: one for a Danish demo
covering a railway accident with
release of toxic material, and the
other for an Italian demo covering
a burning oil tanker in the oil port
of Genoa. By use of these proto-
types, functionalities and user in-
terfaces of the system could be
tested and commented upon by
the end-users.
In the muster system the pre-
sentation to the trainees is – as in
the real world - divided into the
on-field area and the remote area,
each of which has its own decision
makers. The on-field presentation
shows the actual situation for the
trainees situated at the location of
the accident and is meant for
trainees such as the commander in
charge of, e.g., the fire brigade, the
police, and the paramedics
normally working on site. The
remote presentation shows the
surroundings for remote control
rooms, e.g., the headquarters
located at the fire- or the police-
station, and is meant for trainees
who are normally present in these
During 1995 Risø has been respon-
sible for an eu project – inside the
area of Environment – concerning
guidelines for a training system:
muster – Multi User System for
Training and Evaluating environ-
mental emergency Response. The
training performed by muster is
especially dedicated to improving
the co-ordination of efforts of
decision making in emergency
management. It was initiated in
1993 and concluded summer 1995,
and during the last six months
had emphasized in particular the
presentation of the emergency si-
tuation to the trainees. 
Fortunately, major emergency
situations are so rare that coping
with them will never be ordinary
routine. Therefore, training deci-
sion makers and developing their
co-operative efforts is of utmost
importance to secure the availabi-
lity of an efficient level of prepa-
redness should a real emergency
situation occur. 
The entire emergency manage-
ment organisation designed to
cope with large emergency situa-
tions is normally built up of vari-
ous units such as fire brigades,
police forces, civil defence person-
nel and hospitals. The skills to be
trained exist mainly on three
different levels: the skill of the
individuals in each of these units,
the efficiency of each unit per se,
and finally, the co-ordinated
performance of the units. All of
these are essential for attaining the
optimal efficiency in emergency
management. 
The individual skill as well as
the separate efficiency of each
organisational unit are effectively
trained within each unit by fre-
E m e r g e n c y  M a n a g e m e n t  T r a i n i n g
U s i n g  V i r t u a l  R e a l i t y  
Man/Machine
Interact ion
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locations and acting as back-ups
for the on-site emergency mana-
gers. All trainees must have the
same equipment available, e.g.,
radio communication, as in a real
situation.
In order to make the on-field
presentation as realistic as pos-
sible, we approached a new and
efficient way of training: simula-
tion of emergencies using virtual
reality, VR. In VR all kind of situ-
ations may be experienced in ex-
tensive detail, and mistakes are
allowed to occur - which is often a
very beneficial way of learning –
without the loss of human lives or
properties, and with no influence
on the real environments. 
The training environment for
the Danish prototype, a railway
area in Fredericia, was modelled
using a cad-like tool, and in co-
operation with division in Eng-
land this model was converted
into a virtual reality system. Using
this system the trainees may inter-
actively walk around in the area
and inspect the scenery from
various points of view in the same
way that the commander in charge
would carry out his inspection in a
real emergency situation. More-
over, the VR environment will
reflect the changes performed in-
teractively during the training
session, e.g., the appearance after
ambulances are called and the
disappearance after casualties are
removed.
The vr presentation used in
muster is non-immersive as the
intention in a muster training
session is to train the co-ordinated
performance of the decision
makers. Therefore, we have chosen
a form of virtual reality in which
the trainees can discuss the critical
situation based on a common
visual presentation displayed on
the screen of a workstation.
The visual impression of the
scenario given to the trainee is
supplied with a presentation of the
heat radiation from a potential fire
or the smell, indicating the con-
centration of release of toxic
materials at the location of the
trainee. These indications are
shown by meters on a pc monitor.
Furthermore, the relevant sound
effects which have proven to be
very effective as a stressing factor
may easily be added; so, the only
sense missing is that of taste. The
heat radiation and calculations 
of the concentration of toxic
materials are based on heat radia-
tion models and dispersion
models including the direction
and strength of the wind in the
actual scenario.
The attached pictures – taken
from the Danish prototype – show
a virtual reality accident scenario
related to the transport sector. 
A hypothetical railway accident
took place in the vicinity of Fre-
dericia, which is a junction of
railway traffic. A train carrying
dangerous goods – lpg gases and
acrylonitril – has been derailed,
and one of the wagons is on fire,
thereby heating a nearby lpg
wagon. If this wagon is not cooled
within a given time, its high tem-
perature will cause it to explode.
Another tank wagon is leaking the
very toxic acrylonitril that evapo-
rates and creates a toxic plume,
which is driven towards Fredericia
by the wind. The toxic plume
divides the area into two, as only
specially equipped rescuers are
The set of figures
illustrates a
possible evolution
of a virtual
accident
scenario. 
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Train control operators in the
Danish State Railways face an
immensely complex task during
the recovery of an accident.
Though recoveries are presently
handled at a level acceptable to
the railway authorities, it is gene-
rally agreed that the performance
of the operators could be improv-
ed. Training is seen as an effective
way to improve performance, 
since it enables the operator to
practice the seldomly used emer-
gency procedures. To create an
effective training design the diffi-
culties confronting the operators
during recoveries must be dis-
closed. If the difficulties are not
clarified, the risk of creating a
training design directed at skills
which the operators master in
advance is high.
The purpose of the Ph.D. pro-
ject described here is to create a
foundation on which a training
design directed at operators’
handling of recoveries can be
based. The project was initiated in
1993. It is performed in coopera-
tion with the Danish State Rail-
ways under supervision from the
Department of Psychology at the
University of Copenhagen.
To clarify the operators’ diffi-
culties it is necessary to conduct a
systematic analysis of their tasks.
In this project the method hierar-
chical task analysis was used.
Broadly speaking this method
implies that the tasks of the opera-
tors are gradually broken down
into part-tasks until the difficulties
related to task performance have
been clarified.
The task analysis was per-
formed in close contact with rail-
way personnel, in particular train
control operators but also people
knowledgeable in other ways
about the operators’ tasks. This
was done to ensure that the con-
clusions reached would be accep-
table to members in the organisa-
tion. Because the effectiveness of
training to a large extent depends
on the motivation of the trainees,
the close contact should also sup-
port design of scenarios pertaining
to and interesting to the operators.
Part of the project involved
examining the implications of a
separation of the operators’ tasks
into two major categories: Emer-
gency Management (em) tasks and
Traffic Management (tm) tasks.
The tasks in the two categories
differ in their characteristics. em-
tasks relate to the direct recovery
of an accident. They are perfor-
med only in cases of emergencies
and involve co-operation with
members from outside the railway
organisation. tm-tasks relate to
the indirect consequences (disturb-
ances) which an accident imposes
on the traffic flow. They involve
only co-operation of people within
the railways. Thus, tm-tasks are
identical to those performed by
the operator on a daily basis, ex-
cept that the traffic situation
generally is much more complex
during a recovery. Seen from a
training perspective the distinction
indicates that dissimilar training
needs exist in relation to the two
types of tasks.
The training of EM-tasks
should focus on the development
of strategies relating to three
aspects of the operator’s perfor-
mance: 
T r a i n i n g  o f  
T r a i n  C o n t r o l  O p e r a t o r s ’
H a n d l i n g  o f  R e c o v e r i e s
able to work in the contaminated
area. Only a specialised group of
the fire brigade possesses the
necessary equipment, so that
neither the police nor paramedics
are able to work in the polluted
area. Furthermore, a number of
injured persons are located in or
near this area and need help.
When the commander in charge
arrives at the site of the accident,
he will be given the view shown in
the first picture. The remaining
pictures illustrate a possible evolu-
tion of the scenario: searching for
casualties under the bridge, call of
ambulances, removal of the
casualties, extinction of the fire,
and finally, an example of a birds
eye view of the scenery. 
The vr presentation in the
muster demo was handled by
Silicon Graphics workstations;
however, a simple version may be
operated using ordinary pcs if the
continuous interactive inspection
of the site using virtual reality is
replaced with a discrete inspection
presented by a set of still pictures
covering the site from different
points of view and in different
situations. The details in the pre-
sentation are given by the number
of pictures selected from the data-
base. Also this kind of system has
been implemented and tested in
the muster set up.
Publications in 1995: 41, 42, 48,
49, 50, 51, 52, 53, 54, 55, 80, 81
Verner Andersen
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for obtaining information -
necessary to decide if condi-
tions for performing the in-
dividual em-tasks prevail; 
for prioritising the em-tasks;
and 
for deciding when the dif-
ferent notifications can be
considered complete. 
Thus, to effectively train em-tasks
it is reasonable to incorporate a
set of procedural guidelines to
support performance. The estab-
lishment of guidelines is possible,
since the way problems present
themselves to the operators can be
considered as fundamentally iden-
tical from one recovery to the
next.
The training of tm-tasks on the
other hand should be conducted
differently. tm-tasks are not des-
cribed in any form – except in the
task analysis. The traffic situation
confronting the operators perfor-
ming tm-tasks during recoveries is
generally very complex. Often the
elements they must attend to (en-
gines, wagons, engine drivers, train
staff, etc.) far exceed the capacity
of human short-term memory. For
this reason the operators’ main
difficulty is to decompose the tm-
task into part-tasks which they
can grasp. The decomposition of
tm-tasks, though, can only at a
very high level be considered to be
a task which is identical from one
recovery to the next. This implies
that focusing strongly on proce-
dures is not an effective strategy
when training tm-tasks. Instead, it
seems reasonable to establish a set
of prototypical situations relating
to the specific part of the railway
system for which the trainees are
responsible on a daily basis. The
operators may use these situations
to support their general under-
standing of possibilities for action
in different types of situations.
The results from this part of
the project consequently indicate
that training of recoveries could
be made more efficient if the ses-
sion is divided into two parts: The
first part should be directed at the
difficulties experienced by the tra-
inees when performing their
“normal” tasks during the altered
conditions a recovery causes. 
The second part should address
the difficulties experienced by the
trainees when performing the
tasks unique to a recovery. Such a
division seems to be useful for two
reasons:
it will be possible to adapt the
most effective training strate-
gy related to each type of
task, which can be expected
to improve the effectiveness
of the session; and 
the often very expensive trai-
ning time required whenever
participants from multiple or-
ganisations take part in the
session can be reduced. 
This reduction is possible since the
trainees in the second part of a
session can be expected to master
their “normal” task. Thus, the ses-
sion involving a full emergency
team would not have to deal with
difficulties within a given organi-
zation, but only with tasks involv-
ing or affecting members from
other organizations.
Publications in 1995: 65, 96, 97 
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A remote control operator. 
(DSB fotoarkiv/Lars Lindskov) 
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Obtaining a detailed understan-
ding of the mental information
processing performed by operators
of complex technical systems is
essential for the design of efficient
human/machine interfaces and
decision support tools. It is
furthermore needed for evaluating
the effectiveness of simulator train-
ing and for including the human
element in probabilistic assess-
ments of industrial risks. Experi-
mental techniques which are
S t u d i e s  o f  D y n a m i c  O p e r a t o r  T a s k s
employed for identifying search
strategies and decision heuristics
used by human subjects to control
a simulated or real dynamic work
environment include: verbal
“think-aloud” protocols, the use
of sound and video to record the
subjects’ communication acts and
interactions with instruments and
control panels, and making use of
eye tracking to catch visual orien-
tation behaviours and allocation
of attention.
In 1993 the department entered
into a collaborative effort with the
Department of Electronics and
Mechanics to build a transportable
system that permits experimenters
to make recordings like these in
synchronism with each other. With
this system – multimo – the output
from several video cameras and
eye trackers is presented jointly on
a single large monitor. Event mar-
kers and transcripts of the verbal
protocols make it possible to per-
form cross correlations and other
types of experimental data analy-
ses in a very effective manner.
In 1995 the multimo system
served as the main tool in several
human factors experiments. Three
of these were: 
Team performance in control
rooms. This experiment was plan-
ned and organised by the Man-
Machine Research Division of the
OECD Halden Reactor Project,
Norway. It was effectuated as a pi-
lot study under the Halden Human
Error Project which aims at under-
standing the diagnostic errors that
may be committed by nuclear con-
trol room operators during reactor
malfunctions and emergencies. In
the experiment two operators col-
laborated on diagnosing an incident
simulated at the Halden Hammlab
control room facility. It was impor-
tant to detect how the operators
performed the visual information
search involved in the task, and
therefore both operators were
equipped with eye-tracking gogg-
les. This was the first application
of dual eye tracking performed
with multimo.
Operator 
equipped with
eye mark 
recorder.
Location of 
the operator’s 
attention.
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C o m p a r i n g  C o n v e n t i o n a l  
C o n t r o l  P a n e l s  w i t h  
R e - c o n f i g u r a b l e  P a n e l s
Touchscreen technology has im-
proved significantly in recent years
enabling users to operate touch-
screen-based controls with much
greater precision and reliability. In
turn, this development has led to
an interest in applying this tech-
nique to replace conventional con-
trol panels for certain applications.
Conventional control panels
contain “hard” controls, e.g.,
switches, dials or handles which
give operators tactile feedback. In
contrast, a touchscreen-based con-
trol panel contains “soft” controls
– that is, graphic pictures of con-
trols shown on a computer-gene-
rated display. Users may then ope-
rate soft controls by sliding their
fingers across a transparent touch-
sensitive surface on top of the
computer display. As the user
“moves” the control, the picture
of the control will change and this
change will normally be accom-
panied by appropriate sounds
(‘clicks’ and ‘tocks’) which corre-
spond to auditive feedback emit-
ted by real controls.
The chief drawback of touch-
screen-based control panels is, of
course, that they fail to give users
tactile feedback – a user cannot
“feel” the position of a control, nor
feel the resistance when he or she
changes its state. So, for most safe-
ty critical applications – such as
control panels in airplane cock-
pits, ship bridges or control rooms
– hard controls are nearly always
preferable. On the other hand, soft
controls have a significant advan-
tage by being extremely easy to re-
configure: it is quick and inexpen-
sive to re-configure the layout, po-
sition and even type of control on
a touchscreen-based panel.
In areas such as simulator
training and interface design, re-
configurability of control panels
has a great attraction. Yet, the
adoption of soft controls in these
areas has been slow, since there
have been doubts about the train-
ing effectiveness of soft controls.
Thus, there has been concern that
users who have been trained in a
simulator on “soft” control panels
and who are then transferred to
an operational environment with
conventional control panels might
produce more errors or perform
more slowly than trainees taught
in a conventional environment. 
An experiment conducted by
the department suggests, however,
that training effectiveness need not
be reduced when users are trained
on a soft control panel. The expe-
riment was the first in a series of
experiments carried out within Es-
prit project mate (Multi-User
Aircraft Training Environment),
in which Risø is responsible for
Human Factors evaluation of a
new type of re-configurable cock-
pit simulators. In the experiment,
subjects who were volunteers bel-
onging to Risø’s staff, were trai-
ned and subsequently tested in
carrying out a short checklist con-
tained in the pre-start procedure
conducted by pilots flying a com-
mon turboprop airliner. The sub-
jects were randomly allocated to
one of two groups. One group was
trained on a real or conventional
panel, viz., a physical replica of a
subsection of the overhead panel
of this aircraft, while the other
Alarm handling in operating rooms.
In this experiment multimo was
used to disclose how anaesthesio-
logists react to cascade alarms. It
is an open human factors issue
whether any monitoring signal that
exceeds a preset threshold should
trigger an alarm independently of
the context, or whether it is better
to filter out redundant alarm in-
formation so that cascade alarms
are avoided. The experiment was
carried out using an anaesthesia
simulation facility available at a
hospital in Copenhagen. It show-
ed that, once a critical alarm has
been received from the patient
monitoring equipment, anaesthe-
siologists act as an effective human
alarm filter by ignoring additio-
nally triggered alarm events.
Test of drivers’ use of traffic signs.
This experiment proved that it is
possible to make recordings with
multimo under severe space limi-
tations. The system was installed
in an ordinary passenger car, and
eye tracking and video was used
to detect to what extent drivers
pay attention to the sign informa-
tion along a road route. These
data were collected for the Danish
road authorities in a project that
aims at establishing guidelines for
the design of driver-friendly traffic
signs.
Publication in 1995: 44
John Paulin Hansen and
Leif Lvborg
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A large proportion of the collision
and grounding accidents occur-
ring with ships can be ascribed to
navigation error caused by insuffi-
cient alertness on the bridge or
limited insight shown by the navi-
gation crew into the manoeuvring
characteristics of the vessel. The
safety of shipping, particularly in
confined waters, may be enhanced
by providing ships with advanced
radar equipment, setting up vessel
traffic control systems and em-
ploying full-mission nautical simu-
lators to train navigation crews in
the execution of difficult ship-
handling tasks. Together with the
Danish Maritime Institute (dmi)
work has begun to develop a com-
puter tool that will make it possi-
ble, in principle, to assist nautical
authorities and ship owners in
predicting the risk-reducing effects
of such measures. The work is
carried out under the helt colla-
boration agreement between dmi
and Risø.
The idea behind the tool is to
estimate the probability that a ship
is accidentally navigated into wa-
ters outside its permitted lane, and
to do this from repeated simula-
tions performed with a mathema-
tical ship model. This approach
involves the development of
methodology for simulating human
variability associated with execut-
ing the rudder and engine adjust-
ments required to maintain a ship
on the segments of an angular
course line.
Collision or grounding result-
ing from, for example, having an
inexperienced crew on the ship
bridge, can often be attributed to
timing errors in performing a criti-
cal manoeuvre in the fairway.
S i m u l a t i o n  o f  S a f e t y - c r i t i c a l  S h i p  N a v i g a t i o n
was trained on a touchscreen-
based simulation of the panel (see
accompanying pictures). Having
been trained to attain the same le-
vel of skill, all subjects were then
tested one day later on the real
panel. If the hypothesis were true
that training on soft controls leads
to a reduction in performance,
subjects trained on the touch-
screen-based panel would display
more errors or would perform
more slowly. But it turned out that
there was no significant difference:
the number of errors were the
same across the two groups and
there was a negligible (i.e., non-
significant) tendency of subjects
trained on the soft panel to func-
tion at a slightly slower pace than
those trained on the real panel.
Experiments on the training
effectiveness of re-configurable
control panels will be continued in
the department in order to investi-
gate if pilots will achieve the same
level of training using the two ty-
pes of panels involving very diffe-
rent types of controls, and further
studies will focus on optimizing
soft controls and identifying the
extent to which “motoric” memo-
ry contributes to the memorizing
of procedures. 
Publications in 1995: 43, 45, 46
H.B.Andersen
Subjects who were tested in the control
panel experiment were trained either on
the conventional panel (right) or on the
touchscreen-based panel (left). Their
performance was then evaluated on the
conventional panel alone.
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to task networks designed to
simulate the control actions per-
formed by ship navigators during
course adjustments and turns.
Applying networks to simulate
human control tasks is an empiri-
cal methodology involving the
observation of human action
sequences and recording of the
time used to accomplish each step
of such a sequence. For example,
to construct a task network that
simulates the actions on a ship
bridge while approaching a way-
point where a course change must
be effectuated, it is necessary to
determine minimum and maxi-
mum limits for the time a captain
(or his co-navigator) will need to
take a bearing or estimate the dis-
tance to a buoy.
Task execution data for the
continued design of the prototype
tool are compiled with support
from the multimo system in expe-
riments with professional crew
trainees at full-mission simulator
facilities available at dmi. A com-
prehensive series of experiments
will be carried out in a new eu
project called safeco (Safety of
Shipping in Coastal Waters).
Publications in 1995: 78, 86
Leif Lvborg and 
Finn R. Nielsen
Timing is therefore a good indi-
cator of the effects of crew train-
ing and other risk-reducing mea-
sures. For this reason the simula-
tion tool should be provided with
capacity to generate ship trajec-
tories that reflect the influences of
timing errors on course and speed
changes.
The mathematical ship model
developed for an experimental
prototype of the tool is installed
on a server pc which displays the
current position of the ship on a
digital sea chart. Rudder angle
and engine thrust are controlled
by a client pc equipped with soft-
ware routines for interrogating the
ship about its position, heading,
speed, rate of turn, depth under
keel and drift caused by current
and wind. These quantities are
displayed on a simulated bridge
console and will be used as input
S a f e t y - c r i t i c a l  S h i p  N a v i g a t i o n
Imprecise timing in performing the
rudder adjustments used to turn a ship
onto a new course line is a potential
source of colision og grounding risk in
narrow fairways.
Collisio
n risk
Passage width
Counter rudder executed
to terminate turn
Rudder shifted
to initiate turn
3
2
1
3
2
1
+ ∆
- ∆
Grounding
 risk
Risø-R-874(EN)
50
establish an empirical basis. This
was a joint effort between Risø
and Institute of Manufacturing
Engineering, Technical University
of Denmark. The prototype devel-
opment was closely related to, and
partially funded by, the Esprit bra
project 6225 comic, and the komek
project sponsored by the Danish
Research Science Council.
Requirements for computer support
A detailed field study was condu-
cted at Foss Electric a/s, Hillerød
in order to establish a basis for
understanding coordination in
manufacturing. Foss produces
equipment for measuring quality
parameters of agricultural pro-
ducts. Designing a new instrument
thus involves people of many areas
of expertise, such as: mechanical
design, electronics, software en-
gineering, chemistry, draughting
and process planning. The coordi-
nation aspects of a large develop-
ment project were studied. In this
2-year project more than 50 peop-
le were involved. 
One of the areas addressed
explicitly was the coordination of
the testing and correction of the
more than 200,000 lines of soft-
ware code embedded in a new in-
strument. This was a complex task
involving more than 20 testers and
software designers. For each iden-
tified problem the tester filled out
a form classifying and describing
it. The form was then sent to a
diagnostic group which diagnosed
the problem and decided when it
should be corrected and by whom.
When the problem had been dealt
with, the correction was verified
The manufacturing industry is
confronted by increasing demands
for improved quality products,
shorter lead-times, higher flexibili-
ty, etc. One way to respond to this
has been to apply the concept of
concurrent engineering, i.e., bring-
ing knowledge of all stages of the
product life-cycle – design, devel-
opment, production, use and
destruction – into the early phases.
This requires, however, the in-
volvement of many people having
different competences in the
design work. The need for coordi-
nation increases, and it becomes
obvious to consider computer
support. How to use computer
technology to support people in
coordinating their work is the core
issue within the field of Computer-
Supported Cooperative Work
(cscw). Development of proto-
types is part of a research effort at
Risø to formulate a frame of con-
cepts for how computer technolo-
gy can support the coordination
of work. The core of Risø’s work
within cscw has been to develop
of the theory of coordination
mechanisms.
A coordination mechanism
reduces the complexity of the
coordination to be conducted
by stipulating the flow of the
distributed activities, and by
mediating relevant informa-
tion among the actors invol-
ved in the work.
The prototype introduced here is
an example of a computer-based
coordination mechanism. A field
study was conducted in order to
C o m p u t e r  S u p p o r t  f o r  C o o r d i n a t i o n  
o f  E m b e d d e d  S o f t w a r e  T e s t i n g
Q
Q
by the designer responsible for the
monthly integration processes.
Treating each reported problem
involved several people, e.g., a
tester, the diagnostic group, a
designer, a plan manager and an
integration manager. Furthermore
treating the different problems
needed coordination. 
From a detailed analysis of 
the coordination of the problem
handling work, a set of require-
ments for computer support of
software testing was established,
and based on these, and the basic
ideas in the theory of coordination
mechanisms, a prototype was
designed called BRaHS (Bug Re-
porting and Handling System).
The basic idea in the design
of BRaHS was to provide a
system supporting distributed
registration and classification
of software errors and the
automatic routing of infor-
mation among the involved
actors. 
Central design considerations
What was unique in the design ap-
proach was an attempt to combine
an active stipulation of the work
flow with a high degree of flexibili-
ty, and in addition provide sup-
port to the users so they can be
aware of each others work. Key-
words for the design are: distribu-
tion, i.e., all users have a version
of the system running on their
own pc connected in a network;
flexibility allowing the users to use
the system which they found most
useful; malleability, so the stipu-
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lated work-flow and embedded
classification structures can be
refined and tuned to fit the current
situation; local control implying
that the users have the control of
the execution of the system, i.e.,
they can decide themselves
whether the pre-specified work
flow should be obeyed or over-
ruled; and visibility to the partici-
pants of the work-flow protocols
embedded in the system.
BRaHS provides all the facili-
ties required for registering infor-
mation about errors and ensures
that all registered errors are
treated. The overall functionality
includes facilities for describing a
specific problem, classifying pro-
blems, passing on information on
a registered error to the diagnosis
team or the software designer
responsible for correcting the pro-
blem, and searching and browsing
in aggregated information con-
taining registered problems. Apart
from these types of facilities
BRaHS also include access to
respecify the protocol stipulating
the flow of the forms, re-specify
the classification structures used
for classifying errors and their
importance, or re-specify which
participants are involved or which
roles they have.
The treatment of a software
problem will affect a number of
actors all using BRaHS. The first
user is the tester involved in
testing of the software. He uses
BRaHS to inform the diagnostic
team of a specific problem. The
diagnostic team forwards the pro-
blem description to the designer
responsible for fixing the problem
by means of the system. When the
designer has dealt with the pro-
blem, he or she registers the
correction information in BRaHS,
and sends a notification to the
integration manager who is re-
sponsible for verifying the correc-
tions. When a correction is veri-
fied, the integration manager clas-
sifies the problem as dealt with in
the system.
Future work
The BRaHS prototype is an exam-
ple of how certain aspects of
complex coordination activities
can be supported by means of
computer systems. In concurrent
engineering projects coordination
plays a key role. If computer-
based coordination mechanisms
are designed thoroughly, and well-
integrated with other applications
used, they can reduce the need for
time consuming ad hoc based 
face-to-face coordination. Through
the process of a field study, an
analysis, a requirement specifica-
tion, and a design of a first proto-
type of such a system has been
established. 
The research results have served 
as an important input to the effort
of establishing a theoretical frame-
work for computer-based coordi-
nation mechanisms, and the work
is continued through detailed
evaluations of the field study find-
ings, prototype and concepts.
Publications in 1995: 56, 57, 58,
59, 62, 63, 64, 116
Peter Carstensen
Figure 1. The system reduces the need
for negotiation on how to treat a pro-
blem by providing an advanced classifi-
cation structure. A lot of ad hoc-based
negotiation is avoided. The coordina-
tion is, furthermore, supported by auto-
matic routing of classification informa-
tion on software problems among the
testers, diagnostic team and designers.
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Advanced Manufacturing and Hybrid
Automation, Maui, Hawaii, 7-10 August
1996.
Kjeld Schmidt.
Programme Committee, IAEE Conference
on Transport, Energy and Environment,
Elsinore (DK), 3-4 October 1996.
Hans Larsen (Chairman).
Organising committee for MIE’96 Con-
gress, Copenhagen (DK) 18-22 August
1996.
Steen Weber.
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Hans Larsen, M.Sc. (Elec. Eng.), Ph.D.
The Technical University of Denmark
1972. From 1973 to 1976 at Dragon pro-
ject at AEE Winfrith, U.K. Risø from
1976. Energy Technology Department
1976-80, working with systems reliability.
Head of Energy Systems Group 1980-84.
Head of Systems Analysis Department
from 1985. Member of the Danish Acad-
emy of Technical Sciences 1993.
Charlotte Olsson, M.Econ. University of
Copenhagen. Børsinformation Telecom
1990-92. IFX Scandinavia 1992-1994.
Administrative officer at Risø from
March 1995.
Man/Machine Interaction
Leif Løvborg, M.Sc. (Elec.Eng.). Risø
from 1962. Radioisotope techniques
(1962-66), nuclear geophysics and mine-
ral exploration (1967-86). Group Leader
(Electronics Dept.) 1965-86. Human
factors research from 1986. Acting head
of Cognitive Systems Group 1990-92.
Head of Cognitive Systems Group 1992-
94. Head of the Man/Machine Interac-
tion programme from January 1995.
Main research interest: Simulation of
safety-critical MMI systems.
Henning Boje Andersen, M.A. (Philos.),
Senior Scientist. Copenhagen University
and Oxford University (logic, philosophy
of language) 1976-79. Medical Faculty,
Copenhagen University and Roskilde
University (philosophy of science) 1980-
83. Risø from 1984, Systems Analysis
Department from 1990. Main activities:
Human-computer interaction, support
of emergency management and multi-
user training, evaluation of training
transfer.
Verner Andersen, M.Sc. (Elec.Eng.),
Ph.D., Senior Scientist. Risø from 1966.
Nuclear physics (1966-76), plasma phy-
sics (1976-86). Leader of programme on
plasma-physics technology 1983-86.
Information technology from 1986.
Systems Analysis Department from
February 1990. Main activity: Project
management, systems development.
Peter H. Carstensen, M.Sc. (Com. Sc.).
Dansk Datamatik Center 1984-1988,
Labour Unions’ Centre for Informatics
1989-1991. Systems Analysis Department
from February 1992. Main activities:
Human-computer interaction, Evalua-
tion of complex user interfaces, Compu-
ter Supported Cooperative Work,
Methodologies for analysis of work in
complex settings, System development
methodologies.
John Paulin Hansen, Ph.D. (Psychol.).
Risø from 1988, Systems Analysis
Department from February 1990. Major
subject: Simulation, visual perception,
recording of eye movements, evaluation
of interfaces, MMI analysis and model-
ling.
Steffen Routh Herskind, M. Sc. (Com.
Sc. with Math.) Roskilde Edb-school
1994-1995, Ph. D. student at Risø from
June 1995. Subject: Efficiency in truck-
ing. Applying CSCW to the transport
sector to reduce the environmental ad-
verse effect of truck driving.
Monica Divitini, M.Sc. (Computer Scien-
ce) at the University of Milano in 1991.
Milano University, Department of Com-
puter Science 1992 - September 1995. Vi-
siting researcher at Risø, Systems Analy-
sis Department from October 1995. Main
Activities: Computer Supported Coope-
rative Work, user modelling in coopera-
tive environment, agent-based software.
Ann Britt Miberg, M.A. (Psychol.). Ma-
jor subjects: Training, decision making,
reactions of humans in critical situations.
Ph.D.-student at Risø (1993). Subject:
Design of simulator training directed at
train control operators’ handling of
emergencies/recoveries.
Finn R. Nielsen, M.Sc. (Appl. Math. &
Phys.). Technical College of Copenhagen
1968-74. Risø from 1974. Systems Ana-
lysis Department from February 1990.
Main activities: MMI simulation, imple-
mentation of software concepts.
Annelise Mark Pejtersen, M.A. (Sci. of
Lit.), Senior Scientist. University of
Copenhagen 1971-73, Associate Profes-
sor at the Royal School of Librarianship
1971-82, Acting Professor 1983-85. Visit-
ing Senior Research Scientist at Georgia
Institute of Technology 1982-83. Risø
from 1986. On leave as manager of the
Labour Unions’ Centre for Informatics
1989-90. Systems Analysis Department
from February 1990. Main activities:
Cognitive work analysis, Theories and
methods for interface design, Multi-
media interfaces, Information retrieval
and support systems for product develop-
ment.
Staff
December 1995
S
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Kjeld Schmidt, M.Sc. (Sociol.), Senior
Scientist. Roskilde University 1972-85,
Dansk Datamatik Center 1985-88,
Labour Unions’ Centre for Informatics
1989-90. Systems Analysis Department
from March 1990. Main activities:
Theory and methodology for analysis of
cooperative work in complex settings,
Computer-Supported Cooperative Work,
taxonomy of work domains.
Diane H. Sonnenwald, M.Sc. (Com. Sc.),
Ph.D. School of Communication, Infor-
mation and Library Studies, Rutgers, the
State University of New Jersey, Bell Labs
1980-1985, Bell Communications Re-
search 1985-1993. U.S.A. National
Science Foundation International Post-
doctoral Fellow 1993, Risø from 1993
until August 1995, NATO Post doc.
Fellow, 1994. Main Activities: The explo-
ration and integration of knowledge
from different domains during the design
process.
Carsten Sørensen, M.Sc. (Com. Sc. with
Math.), Ph.D., Senior Scientist. Depart-
ment of Mathematics and Computer
Science, Aalborg University 1989-1992.
Systems Analysis Department from Sep-
tember 1992. Main activities: Computer
Supported Cooperative Work, computer
support for integration of design and
process-planning in manufacturing,
analysis of MMI systems.
Tuomo Tuikka, M.Sc. (Com.Sc.) Uni-
versity of Oulu, Finland 1992. Research
Assistant 1993-1995, Post doc. at Risø
from May 1995. Main Activities: Com-
puter supported Cooperative Work,
Software Processes, Testing, Prototypes
of CSCW systems.
Steen Weber, M.Sc. (Elec.Eng.), Ph.D.,
Senior Scientist. Risø from 1972. Com-
puter codes for nuclear fuel management
(1974-75). Risk Analysis Group (Dept.
of Energy Technology) 1975-84, Acting
Group Leader 1982-83. Systems Ana-
lysis Department from February 1990.
Main activities: Human computer inter-
action, Emergency management, Proto-
type development.
Simulation and Optimisa-
tion of Energy Systems
Hans Ravn, M.Sc. (Eng.), Ph.D. México
1978-1979 and 1987. Danish Energy
Agency 1980-1983. Technical University
of Denmark 1983-1995. Consultant.
Risø from April 1995. Head of research
programme. Main research activities:
Operations Research, Optimization,
Energy systems.
Peter Skjerk Christensen, M.Sc.
(Elec.Eng.), Senior Scientist. Risø from
1958. Nuclear research and education
(1958-69), reactor engineering and ther-
mohydraulics including simulation
models (1969-76), Systems Analysis
Department from 1977. Stationed in
Cape Verde Islands as energy advisor to
the government (1991). Main activities:
Energy systems modelling, renewable
energy technologies, energy planning in
Eastern Europe and Egypt.
Jørgen Fenhann, M.Sc. (Physics with
mathematics and chemistry), Senior
Scientist. Niels Bohr Institute 1977. Risø
from 1978. Main activities: Development
of energy planning models, new and re-
newable energy technologies, calculation
of emissions from energy systems, and
energy-environmental planning for East-
ern European and developing countries.
Poul Erik Grohnheit, M.Econ., Senior
Scientist. Danish Building Research
Institute 1969-71, town planning consul-
tant 1971-72 and 1979-80, economic
planning and budgetting in local govern-
ment 1973-79. Risø from 1980. Main
activities: economics of electricity gene-
rating systems, electricity markets and
energy environment economic modelling.
Christina Ingerslev, M.Sc. (Technological
and Socio-Economic Planning) Ph.D.
student at Risø from February 1993.
Subject: Strategies for reducing the CO2
emission from the manufacturing indu-
stry, in particular dairies and papermills.
Henrik Klinge Jacobsen, M.Econ. Alm.
Brand 1989-1991. Greenland Home Rule
1992-1993. Risø from December 1993.
Main activities: Macro-economic model-
ling and the integration of macro models
and energy models, input-output ana-
lysis, energy planning models.
Niels A. Kilde, M.Sc. (Chem.Eng.),
Senior Scientist. The Danish Steelworks
Ltd. 1962-81. Research and quality
control (1962), planning and administra-
tion (1967), casting department manager
(1972), development and energy manager
(1977). Risø from 1981. Main activities:
Energy use in industry and transport,
emission inventories.
Helge V. Larsen, M.Sc. (Elec.Eng.),
Ph.D., Senior Scientist. Technical Uni-
versity of Denmark 1974. Storno A/S
from 1975. Risø from 1976. Department
of Reactor Technology 1976-77. Systems
Analysis Department from 1977. Main
activities: CHP production, modelling of
energy systems, economic models for the
oil and gas sector, development of plan-
ning models for wind energy, energy
planning in Eastern Europe.
Poul Erik Morthorst, M.Econ., Senior
Scientist. Risø from 1978. Head of
Energy Systems Group 1985-89. Main
activities: General energy planning and
modelling with emphasis on electricity
demand forecasting, economics of renew-
able energy technologies, especially wind
turbines.
Lars Henrik Nielsen, M.Sc. (Phys.,Math.),
Senior Scientist. Risø from 1981. Main
activities: Probabilistic methods and
model development, technical-economic
modelling, energy system simulation and
assessment of energy technologies, espe-
cially renewable energy.
Lise Nielsen, M.Econ. Ministry of Fi-
nance 1986-1988 and 1993-1995. Institu-
te of Economics, University of Copenha-
gen 1988-1993. Risø from August 1995.
Main activities: Environmental econo-
mics and macroeconomic modelling.
Lotte Schleisner, M.Sc. (Mech.Eng.),
Senior Scientist. Risø from 1984, Re-
search Section of the Engineering De-
partment. Energy Systems Group from
1989. Main activities: Assessment of
energy technologies (including renew-
ables and hydrogen technologies), life
cycle analysis and environmental effects
of energy technologies, and externalities
from energy systems.
Peter Stephensen, M.Econ. Ph.D. Stu-
dent at Institute of Economics, Universi-
ty of Copenhagen 1989-91. Risø from
1991 until May 1995. Main activities:
Environmental economics and macro-
economic modelling.
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Hans E. Kongsø, M.Sc. (Mech.Eng.),
Senior Scientist. Risø from 1957. Re-
search reactor DR2 1957-63, Department
of Energy Technology 1963-84. Systems
Analysis Department from 1985. Main
activities: Computer codes for reliability
and consequence assessment, and reliabi-
lity and safety assessment of nuclear
plants and windturbines.
Igor O. Kozin, Ph.D., Obninsk Institute
of Nuclear Power Engineering, Obninsk.
Risø from August 1994. Main activities:
development of reliability data bases,
analysis of failure and maintenance data,
reliability and uncertainty analysis.
Kurt Lauridsen, M.Sc. (Elec.Eng.), Ph.D.
(Nuclear engineering), Senior Scientist.
Risø since 1974. Department of Energy
Technology 1974-87. Department of In-
formatics 1987-90. Systems Analysis De-
partment from March 1990. Main activi-
ties: Reliability analysis, risk management.
Frank Markert, M.Sc. (Chemistry),
Ph.D., Scientist. Systems Analysis De-
partment from August 1995. Main acti-
vities: Risk assessment of chemical
plants, toxic effects from releases and
assessment of chemical warehouse fire
consequences.
Lars Nyborg, M.Sc. (Chem.Eng.). Ph.D.
student at Risø from 1994 until August
1995. Subject: socio-technical approach
to risk management. The impact of socio-
technical factors on the overall safety
performance of industrial organisations.
Søren Ott, M.Sc. (physics), Ph.D. (Tur-
bulence theory), Senior Scientist. Risø
from 1985. Main activities: Models and
computer codes for consequence assess-
ment; dense gas dispersion and flame
experiments.
Jette Lundtang Paulsen, M.Sc. (Mech.
Eng.), Senior Scientist. DTH 1972. Re-
search reactor DR3, 1972-1980. Uranium
Extraction project, 1980-1986. Depart-
ment of Informatics, 1986-1990. Depart-
ment of Systems Analysis from 1990.
Main activities: Maintenance and Safety
assessment, Displays for control rooms. 
Birgitte Rasmussen, M.Sc. (Chem.Eng.),
Ph.D., Senior Scientist. The Technical
University of Denmark from 1981-84.
Risø from 1984. Main activities: Risk
assessment of industrial activities,
hazard identification, risk management,
risk communication.
Lene Smith-Hansen, M.Sc. (Chemistry).
Risø from 1986 until February 1995.
Main activities: Risk assessment of che-
mical plants, toxic effects from releases
and assessment of chemical warehouse
fire consequences.
UNEP Collaborating 
Centre on Energy and 
Environment
John Møbjerg Christensen, M.Sc. (Eng.)
Ph.D. Danish National Agency of Tech-
nology 1980-83. Oilconsult, Consulting
Engineers and Planners 1983-84. Risø
from 1984. Energy Systems Group 1984-
88. Programme Officer, Energy Unit,
United Nations Environment Programme
1988-90. Head of the Centre from Octo-
ber 1990. Main activities: energy-environ-
ment planning in developing countries,
project initiation, UN contacts and coor-
dination.
Pramod Deo, M.Sc. (Physics) Ph.D.
(Infrastructure Economics). Founder
Director of state and national level
energy institutions, Maharashtra Energy
Development Agency (1986-88) and
Energy Management Centre (1989-93).
Asian Institute of Technology, Bangkok
1985-86 and Energy Policy Consultant at
World Bank 1993. From July 1993 with
the Centre as Senior Energy Economist.
Main activities: energy-environment
planning in developing countries, project
development and management, technical
support to UNEP.
Kirsten Halsnæs, M.Econ., Senior Eco-
nomist. Danish Ministry of Housing and
Building, 1983. Risø from 1987. Energy
Systems Group until end of 1992 with
the main activities: Methodologies for
energy and environmental modelling.
From January 1993 with the Centre.
Main activities: The Economics climate
change mitigation studies, methodolo-
gies for climate change assessment in de-
veloping countries, environmental
economies.
Gordon A. Mackenzie, B.Sc. Ph.D. (Phy-
sics), Senior Scientist. Guest researcher
at Risø 1974-78. Lecturer at Edinburgh
University 1978-79. Energy Systems
Group from 1980. 1984 to 1987 Energy
Adviser/Deputy Director at Department
of Energy, Zambia. From February 1988
Lene Sørensen, M.Sc. (Eng.), Ph.D. Risø
from 1990 as Ph.D. student. Major sub-
ject: environmental planning and uncer-
tainty. International Institute for Applied
Systems Analysis in 1991 and Lawrence
Berkely National Laboratory in 1994.
Post doc from 1993 until December 1995.
Main activities: integrated energy/envi-
ronmental models, evaluation of models,
uncertainty in planning, methodologies
for multi criteria assessments.
Integrated Environmental 
and Risk Management
Kurt Erling Petersen, M.Sc., Ph.D. Risø
from 1977. Department of Energy Tech-
nology. Risk Analysis Group from 1977-
1984. Systems Analysis Department
from 1985. Head of Research Programme
on Integrated Environmental and Risk
Management from 1990. Deputy head of
Systems Analysis Department. Main
activities: Risk and reliability analysis
and treatment of reliability data.
Palle Christensen, M.Sc. (Elec.Eng.),
Senior Scientist. Risø from 1962. Elec-
tronics Department 1962-86. Depart-
ment of Information Technology 1986-
88. Secretary of Risø’s patent council
1973-88. Systems Analysis Department
from 1988. Main activity: Risk and reli-
ability analysis and development of com-
puter codes for reliability and safety ana-
lysis.
Nijs Jan Duijm, M.Sc. from Technical
University of Delft, Holland, Senior Sci-
entist. TNO from 1983- 1995 (Fluid Dy-
namics Department). Risø from 1995.
Main activities: Atmospheric dispersion
of hazardous gases, turbulent flows. 
Carsten D. Grønberg, M.Sc. (Elec.Eng.).
Risø, Electronics Department 1967-78.
Safety Department 1978-84. Systems
Analysis Department from 1985. Main
activities: Human factors, emergency
management, risk communication, risk
management.
Atoosa Jalashgar, M.Sc. (Elec.Eng.)
from Institute of Electronic Systems,
Aalborg University (1992). Ph.D. stu-
dent at Risø and Technical University of
Denmark from 1994. Activities: Failure
analysis of process control systems, func-
tional modelling, safety and reliability
analysis of wind turbines.
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until February 1990 leader of Environ-
mental Modelling Group. From October
1990 with the Centre as senior energy
planner. Main activities: integrated
energy/environmental models, energy and
environment in developing countries,
environmental database.
Henrik Jacob Meyer, M. Econ.
Rockwool Foundation Research Unit
1990-93. Technical University of Den-
mark 1993. Risø from December 1993.
Main activities: Environmental econo-
mics, macro-economic consequenses of
greenhouse gas abatement, externalities
in the production of energy, valuation of
environmental benefits and damages.
Steffen Rønsholdt Nielsen, M.Sc. (techn.
soc.), Ph.D. student. Risø from February
1995. Main interest: climate change miti-
gation focussing on the impact of alter-
native land-use patterns in developing
countries with a case studie in Ecuador.
Joel N. Swisher, M.S. (Mech. Eng.),
Ph.D. (Env. Eng.). Solar Energy Rese-
arch Institute (U.S.) 1980-83, consultant
to New Zealand Ministry of Energy
1984-85, research engineer with Architec-
tural Energy Corp., Colo., U.S.A. 1986-
88. Private engineering consulting prac-
tice 1988-1992. Visiting Research Engin-
eer at Lund University, Sweden 1991-93.
Risø from July 1993 until December
1995 with the Centre.
Arturo Villavicencio, M.Sc. (Math.).
National Energy Institute (Ecuador)
1979-85. Energy Planning Consultant for
the Latin American Energy Organisation,
CEC and World Bank 1985-88. Energy
Adviser at OLADE 1988-90. From May
1991 with the Centre. Main activities:
Energy/environmental models, integrated
energy-environment planning in Latin
America.
Short Term 
Guest Researchers
Gilberto de Martino Jannuzzi, Professor
in the Energy Department, University of
Campinas, Brazil. Training manual for
Integrated Resource Planning.
Hubert Meena, Centre for Energy, Scien-
ce and Technology, Dar es Salaam, Ta-
nzania. Climate change mitigation study
for Tanzania.
Lugard Majoro, research assistant at
African Energy Policy and Research
Network, Nairobi, Kenya. Transport
energy in East Africa.
Peter Zhou, director of Energy, Environ-
ment, Computer and Geophysical Appli-
cations, Gaborone, Botswana. Transport
energy in Southern Africa and climate
change mitigation study for Botswana.
Jan Scherfig, Professor of Environmental
Engineering, University of California Ir-
vine. Waste Water Treatment Modelling.
Zbigniew Nahorski, Systems Research
Institute, Polish Academy of Sciences,
Warsaw, Poland. Water Quality problems,
mathematical modelling. 
Programmer
Søren Præstegaard, datanom. Regnecen-
tralen 1973-79. Risø from 1979. Data-
nom with special subject: Optimization
completed 1985 at EDP-school, Copen-
hagen. Working on simulation models,
graphics and general user support.
Secretaries
Maria M. Andreasen
Gytha Egelund
Vivi Nymark Hansen
Jette Larsen
Irma Strandvad
Research Technician
Erling Johannsen
Temporary Staff
Morten Nielsen (M.Sc. student), 
1 March - 31 December. Software docu-
mentation; development of facilities for
human factors experiments.
Joan Dorrepaal (M.Sc.),
from 1 January to 31 December.
Development of methods for reliability
and maintenance assessment under the
Nordic Nuclear Safety Research Pro-
gramme.
Erwin Dan Nielsen (M.Sc.), 
15 February - 31 December. Statistical
analysis of experimental human factors
data.
Therese Ib Andersen (student),
from April - June 1995. Assistance with
life cycle assessment project.
Søren Mensal Kristensen (graduate stu-
dent), from October 1995. Energy Tariff
project.
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